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PUBLISHER'S NOTE

) R “. N ) v s L ) . " -
With this volume, responsibility for the annual publication of 4 Summary of.

Research in Science Educat??m Js being accepted by John Wiley & Sops at the request of
% the dedicated educators,
issuance.-Such action of transfer was appréved by both the Natronal Assocratron for
Research in Science Teaching (NARST) and The Associatidn f for the Educatlon of

Teachers in Science (AETS). Previous volumes, through 1972, have been produced and

" distributed by The Center for Science and Mathematrcs Educatron, Ohio State Umversxt)'x
—--This 1973 edition and successive.editions will be p,ublrshed in con]unctlon with the dis-\
tinguished journal, SCIENCE EDUCATION ' _ ,
9

lz

. SCIENCE EDUCATION now .in 1ts 59th volume year, is cxpandmg its s
* audience undem\he direction of Editor N.E. Bingham. As a result of the sponsorship of
The Association for the Educatic of Teachers in Science (AETS) a new section, “Scrence
Teacher Educatron ” has been adﬁed to the jo Lqumal '

The publisher welcomes inquiries regardmg subscnptrons td thrs refereed inter-

national ]ournal of researched practices; issues and trends in science-instruction, léarning,

and preparatron of science teachers. . ) -
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' Research Rcvrew\are bemg 1ssued to analyze and synthesrze rese related ta: the e
téaclling and learning of science completed during 3 ohé-year ‘period of time. These
s /’revrews are developed in cooperation with the. National Association for Research in.
. Science Teaching. Appointed NARST commfttees work with staff of the, ERICaSclence,
o Mathematlcs,.and aEnvrronmental Education Information . Analysis Center to evaluate,
~ review, analyze, and report research results. It is: hoped that these. teviews will provxde )
research information l'or development personnel, 1deas for future research, and an mdlca- -
tion of trends in-research in sclefce .education. _ L L. ‘
KN . ’ ( B ‘_\,y
Your comments and suggestlons for this series are mv1ted S

r

.
/

Stanley L Helgeson
¢ and .,
Patricia E. Blosser .
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A Summary of Researci | - . M .
In Science Education — 1973, ,

. P . . .. : N - . "

. MARY BUDD ROWE and LINDADETURE ~~ =~~~ ° .- .~
Universitfof Florida - .« & .. g
Gainesville, Florida 32511 4 - . - o
Introduction = -~ . . . . . | . -

3 S W : : . .
v b4 . S , ) o R AP s
. ) : » . _ o « L0 A Cia o
* ‘Purposes Served by the Review ~ =, < . R L Re
’ . o A ' ' . . .
: L . . . T S ‘e ) . I S
» . In preparing this review we tried to think of what uses readers
$ might wish to make of it. We identified four,purpéggs the review might
serve. . ; L ) ] . . . .
'. 1 . ) > . . : » N . .i SN . ) .
1. "It should pétrtray the (state of knowledge in science: . o
.education. o o L C
. : - ' v .“ . B . s ' ‘, n ’ b : .
*° 2, It should describe any existing trends. - S N
) Y . . i . - ) .‘."l, . ¢
. 3. It should identify:areas which.,need@ to be reseE;chgd;
* 4. . It should provide tentative gnswers to pefsistent : “

~ problems, if any seem;to emerge from the research.
- 4 7 T N ) [y . .~ - :
.‘With the bibliography and index, which is provided this year folsf
. the first time, p reader can locate all the studies that relate to an
. area of interest®to him. If the orgarfiization we chose does pot meet
‘the needs of ‘a particular reader, he can resort to making his own with. v
~the aid of the indexes. - L . . o i
Organization
The‘organfiaé¥0n~we chose is empiricglly derived. It takes its ,
orm from the studies with which we had,tp délal. We begin with learn-
in%research as the base. From this we p oceed to educational objec-
tives and what they are supposed to‘accomplish. The tie b advance
. organizers@fd objectives seemed to us obvious but the connection was
not so apparent to the be‘pie who did these investjigations. Next.we
consider various modes for presenting information to people. ' Here We'
operate on the thesis that people exhibit different patterns of apgi-
tudes. These ppatterns imply Fhagﬁg given treatment or mode of instric-
tion will not be equally suitable f6r all people. People will be
differentially sensitive to information presented in audio or visual. -
moded, for example, or’ in self-paced as opposed to fixed-paced instruc- .
B tion. More investigators are doing the kind of aptitude-treatment '
" interaction studies that will allow us to idefitify which. treafments are-
appropriate for which students.
S . ,

. - . R G . RS




%
. Only one subjéct has beenaaingled out for spe ial conaideration,ﬁ
physics. Thé persiBtent decline in enroilment prompted us to put all® °
of the phyaica-related research in one’ bundle to see whether it. yieldeda
any helpful_information. . . RN ) .1
*  Insthe realm of teacher education there was a great deal of‘atten—
tion given to the im act.of training on attitudes but conaiderably lesg

-effort went into finding- out whether the changed attitudes ‘resulted in
’L hanged teaching patterns. Jnteraction gtudies continue to.be produced-,
ith variables such ag pacing and. Queationing as a focua., ‘Some- work has
gone into atudy of teacher’and student- perceptions of each other, as
_'wcll as the purposes to be met through their joint immersion in science.-
" Every year there are a few studies .that deecribeﬂthp personality char= .
‘acteristics of some group of selence teachers but the meaning or use-
. fulness of ‘this information receives little consideration No one has -

" let us in on why any particular combination of° character stica is

- eapecially uaeful or: worthwhile in science education. C . ;.f
L4

Probably the research on handicapped chi1dren and their reeponae
cience has the most.clear implicatiens for practice. “Early and
,extensive ‘exposure to an activity—based science-program appears to be’

> ‘'especially useful for both physically and socially hlndicapped children.

These are the’ groups which seem to gain most benefit from garly exposure
to an activity-oriented scie program but thése are alaéi;he gréups -
which rarely receive acienceq‘EstructﬁQn. . » -
[ . £ ° . .

The largeet bddy of research: revolvea around audio—tutorial oy’
self-paced instructions Some inveatigators spoke of individualized
inatruction but their programs were ‘only self-paced: If a program is
individualized it is not only aelf-paced it makes the materials avail-
able in more. than one presentation format. From the research in this
area we learn that studenits procrastinate; that a diet of all one kind
of presentatibn ‘produces edhcational indigestion; that students learn
more and suffer less from pkocrastinatilon if the information occurs in
short or brief rather than lengthy uni ., Frequent short tests rather -
than few long tests spaced at loriger iAtervals produce better achieve-
ment, especially for middle and low al i1ity atudents.

We found only three studieg that deadt with philoaophy and values .
in scientific inquid?

Only those surveys which have at least a quasi-experimental
character to them or surveyed a large segment of the population are
reviewed. The %est may serve specific local interests but appeared to

. contribute little to general knowledge or understaﬂding about education
in science. - . .

Cholice of Studies and' Methods for Their Review '

We had access to about 350 abstracts of dissertations and jour}al

N

articles.” In more than-half the cases we found the, abstracts inad
for our purposes. It may be useful to people who plarn to publish ;
search to see the kind of queafiqns we wanted answered in an‘abatract.

quate

t o ' [




-~ 1. What are theiindependen; varihbles} _

: '2.-'WhatJa;L the'dépendent or‘dutéome.variabiés?f
< ; Fndent OF OULCORS o )

' 3. How -are the variables measured?® .’

the'subje'éts’of fhe,,st'ﬁdy? e W

\ -

4. Wﬁouéié

L 5. %What sfatist}ca}mpiocéaureg aié:émbloyéd?
- I R . [N .‘"A. ..' S

. - L ) P . -
6.. What are the mai?"fi‘nding's? T U R

ER

ae . - P \ N -
 We regarded answers ‘to these as the minimum informationcnecesgary
~to mé?e a judgment about a paper. Many abstracts falled to supply this

ter were -

PNy v

This' was not practical to d ofor the dissertations. The, 1

minimum information. In;.zbi\':aae of journal articles we :id the article.

assessed solely on the basis ‘of the abstract.
v &.oa . . ° ) € .

We have one other ‘guggestion ‘or comment to make conc ing tests
of significance and costs of a treatment. A statistically significant
. outcome may nof b¥% a functionally significant outcome. -Most investi-
gators failed -say how mggh;jif{erence'between treatment groups would -
be enough to make a treatment worthwhile. More attention should be
given to the power of a test of di ferences. An alarmingly large number’
of people referred to the results of a study as positive, i.e.,.in the

. expected or desired directiop, but‘nonhsignificant.'-if a result is not ’

fignifigant, one caﬁﬁét say anything meaningful about_thevﬂireétion of

,f'& .

I}

the différence. The inference ig that; if the sample were larger, -things °

_:'would'éurely turn out in the directiom the-investigator expected. " That
_ notion is erroneous and ought to'He discouraged both because it is bad °
statistically and because if the ifference in means is small but sig-

‘nificant we still mast ask, "Is the difference functionally sigﬁificant?"v :

% A2

Other Reviews and-Summaries .~ R .

" wWall (2§5Y reviewed 58 studies in astronomy education Knight

(141) surveyed all the dissertations in stience and mathematics: in

& .

Vol. 31 of Dissertation Abstraé;s.' . : R . N

. Tisher (277) edit®¥d a monograph thaf_contéins 10 articles présepted‘

at the Third Annual Conference of the Australian Science Education .
Research Assqclation. ' : - . S
_Balzer EE.EL.<§3) did a review of research on teacher behavior as

it relates to science education. It was published as the first Yearbook
of the .Assoclation for the Education of Teagchers of Science (AET%).
Section one discusses instruments and their development. Section two
_describes researcﬁ‘bnN;gaching'published in the péricd from 1960-1971.
“The third section gives sqme perspective to &he science research through
discussion of teacher behavior-‘studies in other fields. They conclude
that teachers dominate classroom talk and studqus seldom initiate it.

?* We also want to call attention to "Report 7, on Science, in_the
National Assessment of Educatiohal-Progress=(196){. This report is
: v " : ’ ' :

-
.

!




'disadvantages fell to 7.7 percent. Blacks performed best on those .

B deficit- .

) Longitudinal Study in Mathematics. Heé discussed ‘the results of attempts &
‘,to correlate mathematics with achievement in science.‘v/P e

..and gecondary -le

‘based on the-1969-70 survey designod to measire scientific knoW1edge of
. children and adulta. Blacks performed between 11.8 and 15.8 percen&§

below the national average at all four age’levels tested’ (9, 13, 17,
26~ -35)." With" -adjustments for various background variables the residual

/‘“"

sclence -exercises which depend mostly upon daily experience ‘and commop.——" -~ %

_knpwledge.;and poorest on thosg which involved a:detached researcﬁ”atti—
‘tude toward objects and phenomena. Interpretations-of the National °

Asseasment‘findings in science~appeared/in Seience and  Children, Vol.

© .11, No. 1, 1973; the Science Teacher, Vol. 40, No. 6, 1973 1and the

Journal of College Science Teaching, Vol. 3, No. 1, 1973. Males per-

formed better than did females. Inﬁer city students showed a'large : ' -oE
. 3
. . ) - \" . : . \ S .

. Comber: and Keeves (55) gave an account of the. conceptualization, T

-aexecution, analysis and resuita of the international science: study

which involved 19 countries. Bridgham (36) reported on the National.: T

.
-

Straasenberg and Paldy (264) @ummarized the main funding thrusts S ~o

of* nine foundagions‘%o that researchers in- science education might have - e
a better idea where to place proposals. The: Carnegie Foundatioh sup- ’

. ports Tesedrch and dévelopment ‘im- early childhood elementary and -
.8econdary and medical &ducation. It seeks Fo promote advancement and’

diffusion of knowledge. The. Danforth Foundation s interested in ° RN

furthering ﬂevelopment of people andﬂvalues. Exxon is ,generous to - - O

scientists and, while it gives support te chemical éngineering; it has “;’

funded some small curriculum development ‘activities. The Kettering . . »

Foundation has sgpported individually guided education at elementary : B
stls. The Rotkefeller Foundation has an internatiponal

thrust. ‘Agriculfure, food sciences, and other ventures.meant to alle-

viate hunger are of interest to this foundation. The Shell Companies

Foundation has supported small ‘ventures in- thany areas of science edu-. °

. cation. For basic research in science, the Alfred P. Sloan Foundation .

may be the best prospective source of support. s

- -

o Mayer (177) discussed legal ramifications of the inclusion of

evolution in the curriculum.b Somg court cases and legislative bills

have: been filed to legalize the use of the creationist,view. The law

has not yet been acceded'to the religious conception. ] v -

At the ‘1973 program of the National{Association for Research in o

" Science Teaching,; Ralph Txler (284) présented his summary analysis of -

50 investigations completed in the period 1966-73 and- compared these
with Yesearch completed during 1955-65. entially hjs paper called
for incre.sing the practical application of science regearch and ¢ -
curriculum in the lives of students. The,large number of unmotivated ‘
students was the chief object of Tyler's concern. He’ maintained we RS
need to fit the objects and ideas of science into the students' world, -
He maintained that we need more understanding of how to join up out- i

~ o¥-school experiences with in-school experience. Students' purposes,’' o .
habits, driyes and means of achieving psychological equilibrium ‘require " . )
more sthy \ . . L. o & |

. . . [ 2 - . ¢
. o
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- drive reduttion, equilibrjum:model that Tyleksudes, Bertalanffyl speaks
_of ?élfbérute initiation by organisms of di quilibriyh - guriosity, .

" ‘and, ideas with a prepos

amplification for each. How ug

s

. <\ ¥
.‘ ) k) l Rt T
2 . - ) > . B ‘
.5 . i - o - . I . >/
v 4] o " . )
/”"‘" ''''' . - ) . ’ . o . - ‘—": "‘:‘. : ;’ - o .:‘: ’ -(5
@ . : : 5 R : - S
e . P . v . o M . )
* ' We .would comment that the.kinds of questiofs one’ asks depends

. partly upon® the basic model of ‘learning he ‘accgpts. “In contrast to the

‘the} search ‘for novelty, escape .for’boredomy '.This is what,Bertalanffy
naintains we ought to research.. How can we use and nurture these
propensities? .7 = > Ao e U -

N LT ‘
S VoL o s , Lot
.7 Introducﬁon '.' .‘ . - lgp ‘ ". . . , :-,‘w:x:.:- . \ ‘J I
. . ‘ ; ,4' ] _:';",‘v' . g \ ,- i- »,"v . .. - o
- In the NARST, = ‘ERTC/SMEAC 1372 Summary of Researchlin Sciente - S,
Education, Joseph Noyvak c mplaided that too. many researchers who examined .

aghievement or :;}Bgatn ~Variables failed to connect ;their _wigric with | -
learning :theotf . He noted that gince 1920 most, invesftigations which,

o »

~ focused'on the impact -of ‘different instructional regimes reaulted dn. oo .-
-significant differences (p/8). Such it also genherally- the case for

‘those reported in 1973. ° it ‘we cannét entirely agree with ‘No‘vak'a c‘on'-".

_ tention.that more steepiff in learning theory might result’in more . .

‘productive findings. While we fully support.his feeling that some

fundamental paradigms ought to underlie research (p. 4), we find our-.
_ selves more in_accord with Bertalanffy, the systems:biologist, whose

indictment- of. ps'ycho_lo‘gic‘_:l‘ régearch ﬁas mgerit. He characterizes .

. léarning researéh’'as "ratified", that is, concentrated: until’ re’,centl&'_?

on rat derived models. which fail to reflect what. is junique about man- . '
kind, namely his ability’ to manipulate symbols, to create meaning,'to .

" influence the guality and character~af his life, and: to tie the past

to: the future.. What proportion of psychological research, hé asks,

"has been addressed to meaningful learning? He remsrks that a large

part of modérn psychology”.. . coverd the triviality“of its resylts -
; ' erous languafge bep‘};hlg no resemblance either’

* to normal Eaglish or normal Séientific Theory;..." (p. 6).2 As we read::
;the papers”’in this review.we’ asked,: YAre we equally guilty?" ~We leave
" our readers to Qecide for themselvesy N R T
. . ) . . ) S e L o . . -

. e L
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I._gamill/lg Studies Based on Theoyies Other® Than P)aget:s o O
» . - N2 B -

. 8
3 ¢,

. a4 - . o' - . 3 K T
- Mith an application of Ausubel's theory of meaningfx;l verbal:,
learning in mind, C. I. Hall '(97)triéd to determine whether the use

"/ of extra exemplars in elementary rediding material would improve ‘reading *

BA)

comprehension. “She chose thre "

topjcs and provided thrée levels of 4. -
fulisuch exemplars are depends on what .

?

P o
. a . :
PR T ¢

:a‘ :

relevant. concepts ghtldren alr Ladyihaje. With a Cloze test“as criterion,

Hall found that no consistent\p ttefn cmerged as.a result of the treat-.
ment. In some instances moderate ab :!.ficla.t./ion ‘helped and in others it
hindered. In individual int Wie‘wa\' all found that the 135 children

- % X . - N % . o

, 4 : " ¥ e 3
| .ctf 8 4 N &y

g N - HS
¥

s

’ ’ ) v
11, Bertalanffy, Robots, Men and Min
ibid. . - . S T

~

¢+

s, George Braziller, ‘New Ybék, 1967. .
. . N ) !
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;_“; ,Energy Sequence. - he' set of abilities .
Qf? ;waere coﬁ?%rgent production- of ‘Bemantic relaticns .(CSR), convergent . L 4
R v : N .

g /. produc ¥

L2
- >A’:.

Q
J/ ﬁ%ﬁ fent: combinations of aptitudes. Alternate modes of ptesentation

7y
S
b

‘T

.8 fgored by Professor Phillip Merxiﬁield at New York University, which A Al

:@n‘ ]bongruent“wi?h those that: predict siccess for that unit.or curriculum.

it the study’ varied tremendously in- the relevantbconceptual props théy *
alreﬂdy had . - u . Lo ! ) . . _ ., . . v k ’%kw.

If: children are subject to s&me kind of experimental treatment, . ,
then it behooves the investigator who wants to understand why he got U .
particlilar outcomes to kn sbmething aboutnthe kinds’ of, aptitudes which o
characterize the people in ‘this sample. Ukens (285), who did a’ study -
of achievement in an eleméntary sclence program, the Conceptually -
‘Orieuted Program in Ele ntary Science . (COPES), based his design op
,Guilfqrd's structure ‘of /Afitéllect theory.” He attemptéd to find out

ch abilities or aptitudes weére particularly related to pupil ‘achieve-~

ment in the COPES Mech; ical’ nergy Sequence. ., With scores on 17 selected -
abilities" for thé@&ﬁ gixth graders in his<study and results of pre’ “and- - - ¢
post-tests- as data'>Ukéns. performed step—wise,multiple regregdion on o
the data with the’ poest- test scores as the dependent variable. _Conver-
gent ‘production of figural transformations* (CFT). and divergent, produc- .
‘tion of semantic transfermation’ (DST) ) oveditgtkg significant pﬂi’ R
dictors of post—teaf scorezﬁf . -

P
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E. Keller (135* used the same_ desig” to examine what abilities =~ .
Were selectively prgdictive of success the. G GOnservation of " . .
e ﬁound to»be -good predictors

Ao’ ofdfigural transformations (CFT),’ divergenxcproduction of
semantic trans®ormations: (DSTL, cognitive semantic relations {CogSR) *

- and cggnitive semantic clas,ses..~ Thus for the two COPES units, two

“ebil ies were draw on in common. CFT and DST. : . e .
‘ ‘ v N ° ‘.g ]
These two studies followed one by Sher3 in 1971 who gotwsimilar ' ‘

‘ﬁ,res,lts for‘a Segment of COPES‘content. It is.a line of. reaearch, ’

nght to be taken up by other investigators. Presumably different
rricula, and- even different units within a curriculum; draw-on dif-

Ay be necesgary for students whose’ aptitude cdnfigurations are not .

The Korans (145) report #imilar findings. - They examined the inter- - ., -
action between a set of aptitude variables and three differently . Vo
structured advance organizers in-a programmed learning format. - Their
datawsuggest that ‘low ability students relyCmore on the provided or-=
ganization than do&other ability groupsg. )Y
[ 3 ~

Geng’M0ser (lQl) and his students &t the University“of Pittsburgh
have heen #xamining “Wow information theory may be used to study humanih
learning. The sequence of moves made by subjects in the course of v
‘learnijg or problem solving are congidered to have Markov properties. R
In~a b 5t of Moser's seven-component Information Theoretic Model, L -
Fazio’(76) presented electric circuit tasks -to 243 college non-science .

i'majors. Predicted random moves to ‘solution were compared with they °

actual data generated by the students. The residuals were used to test .' S R

s Vd I L w T

753Abigail Sher,'"Using Aptitude Measures as Predictors of Differential

Achievement, Paper -presented ‘at American Educational Research Associ-
ation Convention, New York, February, 1971. .- - .

o
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" (206) suggested. that! adults" hierarchies.and| childrens’ hierarchies -
¢ ggested . :

A
-- the natural Sequence Of "@eas. JParker compared thEse with an adult-

A

b . N - "
twelve hypothdses concerning ¢he model. The procedure allgws the in-
vestigator to determine the degree, of gtrycture in the search and this,
Fazlo found, predicts success on the tagks. Training producéd a change
toward more structure and, consequently, moxe )\earning. Fazlo alse
examined conditions which increased the prbbability of tramsfer and &

' found that & combigation of -expdsure to more exemplars plup‘.,ix’(ggihing .

. . C . ‘ . S, e
_ " D. Kuhn (149) ‘81so was interested in the impact of ‘information “
.density on: problem solving of .female college.-fxdshmen and sdphomores., .
Based on Novak's cybernetic model, he identified three levels of v «, . '+ '
analytic ability by means of a problem golving' test. Then he attempted -

‘concerning information den

increased transfer of learning from one conditién to anather.* Pre- o

sumably the addition&l #training influences the structure variable, 1i.e.,

teaches a productive search pattern. *

L . L :
B

to relate information density and analytic ability to information pro-
cessing output. In contrast to the -Hill study \?ggsctibéd'elrliex, all
three g;réqup‘s\‘be‘n_efi_ted from the information buQigh analytics benefited .

,g:a;zgglqré‘rﬁi%gsed on Novak's model, Kuhn surmised that low sanalytic groups .
“mayghave’ learned by rote arid acquired fewer structures within which to

'incorp'olrat‘e,inform_atioﬁ. ’_-Q‘ : .
. : .- . A . ’ : . e . : .
In passing, we might- dgmment on points that need to be clarified * *-
‘ sity. Technically It is not just «more infor-
mation per page of instruction; something is information-rich according -
to how many new 1deas are introduced. - The senior author once analyzed *

. blology -texts intended for slow learners mhd igcovered \t;hat the routige _ =
way :to produce them was .té\'remowf‘e most offthe exaiples meant to 1llus—:

i
traté each concept. As.a result the number of new concepts introduced -

- .per page.was enormous. The p‘rocedu‘?e’ had ‘produced ad information-dense. L

‘text whose difficulty level Was greatly elevated, -

-

. e R SN N - . ;
The Moser and Fazlo wofk suggests how org'anigatign'imf)osed ona .

.task by a; learndr influences what 1s learsried and how well it is re-

tained, We can also.ask, as Gagné has suggested, how structuring know-
ledge on a topic intdr a learning hierarchy shapes learning. Parker
might. be Very different. Oné-hundred sixth §raders who wére familiar
with’ certair'r"’”vt'gsks.gli‘;d,a tagk analysis to proyjtce yhat seemed to them

generated hierarchy over the saie material; the Gagne hierarchy.
Anothet group di_students, then recelved instruction from either the

- .children's hiera o:hy,hthe. adult plam, or a randomized sequence.- Nelther.

. that the leatner imposes his own .organization on the content. Jt would " .

* .who did poorly ian» each ‘treatment condition.
. . *

.£6r example, probability and combinatorial concepts .are central to an

on.the immediate ost—test nor on the «delayed post-test was there a '
gignificant diffe ntial ef fect on learning. 'Hgre, as in.other studies,
especially where the material is’mot especlally complex, wé cam infer -

have been a nice additional feature of this study if Parker had been
able to identify attributes of those students who did well and those ' . -

1f special aptitudes or knowledge tonditions pexfotmance in a- M
glven subject area, it behooves us to know in what way. In genetits,. B
understanding of Various gemetic mode‘ig Emery (74) examined the

¢
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i.wgﬁﬁ}‘;'u K!.(:1arke (50) reported an attembt to appl 2]

@ studengs confronted with certain tasks that required predictign of re—f3=',_ 'Mw;'{
|

-~ ‘:uld encourage her to-do a post hoc analysis thrt\‘gld involve a

"speed influenced judgments of -distance and synchrony‘ Kindergarten

ol

statistical strategies employed by a group of high school bio ogy

lationships or outcomes and identified three distinctive strategies.
She did not relate these strategies to- performance in the genetics !
<courge. - That-is, she did not’ regard them as possibly differential )
facilitating abilitiesr She did show that instruction in genetics ‘dfd =

not -change either the ‘probability or the combinatorial reasoning We

epwise multiple regression analysis with scores~om_the genetics test-"“,dt )
as.the dependent variable to determine how much variancé in outcome . e
could be~accounted for by the’ probability strategies and c binatoria1‘ S ot
skills.. _ R Lo S '

Bahori (21) aleo.took an interest in-improving the efficiency of
.learning in genetics. "He based hig research on Snyder}s prototheory of&
instructional éfficiency.  ‘He: eﬁﬂm . the mean numbet’” of ‘transactions I
‘needed by a teacher-student dyad toriibve. through,yarious ‘Stageés;’ of a. e Bt

! problem. Bahorik also examined’ the effect of .two variables presumably ,
related “to. effigient- learning: number of information, items and amount . e
of learning structure within the' problem. He surmised ‘that the ‘least

Astructure and the lowest number of information items would produce the .

‘most efficient task group.. . Sixth-graders (N = 120) were assigned to :

- four task groups. which were treated differe%tly on the two variables ’ \
‘described above.. In practice some grouﬂs got- hints, others did not. '
Smme. groups were required to read selécted fnformation while others -
groups had cholces of what to read, The treatments failed to produce
significant performance differences. . However, Bahorik did .confirm
Snyder's hypothesis that where the ratio of teacherdstudent transactions
approaches 1 instructional efficiency approaches a maximum :

bel's Cognitive Field

. Learning Theotfy to“evaluation.of an. %uatrai'an Scfence ‘Education*Pro- c o

jéct (ASEP). Hébrewrote.a portion of. the/ASEP to iné!ﬁde expository . ot

,and comparative organizers. The materials also were é@ranged to reflect :

? the theory in the progressiye - differentiation of the content and in the. s

integrative reconciliation of the parts. . Means for the reconstructed o

ASEP untt’'vere significantly- better than- those for the standard format.

In this study wecsee a conscious? attempt to apply theory.to the improve—

ment of a set- of instructional materials followed by.a test of the . . g

v

R theory. Thie is a kind of research which ought to be encouraged.

'Ina two—part study meant to test Piaggt s theory'of time eense s f

: deyelopment Mori and Tadang (188, 189) exposed students Oof different . ot

ages .to high and low.speed motion pictures. In part I they reported
how the film'‘rate was gelated to the ‘estimated time it: took jpr a body

. to fall. ' They showed activities such as »ope skipping, leap frogging .
~and ball bouncing. They found that estimates of time were much more )

varied for kindergarten than feor elementary children. Eleven year olds &
odeviated more on slow films than on fast but. generally shgwed little .
change from one sgeedxto another. The investigators concluded°that
|
1

o accuracy of judgmenp’depends on age and - experiences in visual perceptiom

q £, §
In the second portion of the ‘study they. flashed two- ‘moving pilctures
on ‘the screen simultaneously and examined how different combinations Bf

. . * . . .
PR \-‘ ' . o . t
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f mediation theory “and ask\ whether the requirement to form hunches acts

Vo g _ .
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children thought slow runners went .farther but elementary children
reeognized that they covered the same distanee. . . . -
- In scilence experig@nts where ehildren must make eomparisons between
objeets moving at  diffefent speeds (e. g.5 pendulums or cylinders’ rollihg.
down. a ramp),.there may be a confounding of distance, duraticn and
‘synchrony. = For example, if two objects roll dowm a slope and one takes
longer, young children may .also think it went farther. Concepts whose
evolution hihges on. d5velopment of a stable time sense probably. ought
not to be introduced very early or if ‘they are, some check shauld be
made "of * the status of "student pereeption of . time.

*In an' ihteresting study of the effects of generating hunches upon .
subsequent search activities in problem situations, Wilson (298) assigned
each of 45 students, 9-11 year olds, to one of three groups. . Rach group
observed what'was surmised to be a diserepant event or contradictoxy ¢
stimulus. ‘Gf@ﬁba}*wrote hunches" concernin@wthe explanation. Gyoup 2 ‘v
read g set of hunehqp. Group 3 did neither of these  things. ,Tﬁen all
-three - groups were -asked to elassify a set of" procedures for resolving
the conflict and scores were obtained. Group 1, which had to generate
hunches, ciassified fewver prBcedures as useful,lspent moyxe. time in
search, and gave ligher quality solutions. - . There were no differences
between the group that read “hupches -ahd. the eontrol group which did
nothing about hunches. :We may look at this study im the contexy, of

like an oxganizer. -Can we assume that simply readihg a get of possiblev
hunehes either acts as a distractor .or that their conten? is ignored
just as instruetional objeetives often seem ‘to be? ,,ég$" .

Y R

Golshan (88) based her three-m\* h elinieal stuqé of one ll year
old girl 's thought processes concern g physical phenomena on. deep 2 jf
struqture field theory (d.s.f.). The girlls thpught proeeyﬁ?ﬁ eou&ﬁ*

not be interpreted in terms of standard science’ paradigms eoneerning _ \ A

physlcal phenomena. - She neverthelesa exhibited ‘& cohé&ent, self-

"~ consistent and interwoven: framework that governed her explanations. o

To examine the girl's d.s.f: Golshan developed a codirfg ‘System that *
sorted thie preperties of objects and actions into what, she*called
cognitive” relational categories (c.x.c. s)d ch c.t Q? ghat was found . .
to apply to the protocols was examined to' sef¥how. it fitted into deep . | a
structure. She found systematie regularities among the c.r.c.'s that .
‘lent support to the notion of an undergirding deep structure, - This . S
study follows the work of J. Easley who hds maintained that a retirn) = *. .
to clinical analysis for the express purpose of determining how in-

‘dividual deep structure functions 'in various disciplines will ultimately|

lead to presentation of content and -forms of instriction more suited

to theaway ehildren think at different stages of developmegt.

e e s i 4
B 3

In a faseinating study Jerry Horn (llS) investigated the relation-
ships betweén achievement motivatnon, information status and group:
discussion arrangements to risk—taking behaviors in ‘high school biology.er

. He'used the Extremity-Gonfidence of Hypothesis Test and the Risk-Taking

Verbal Observation Scale.
‘trait. %sually risk-taking by groups is gr pater than by the indivjduals .~
in them. " We call Jttention to this study because it focuges on under-

. lying faetors that may influenee the ways in which students respond to ~ -

Risk-Taking is apparently a multidimenizonarr ' 8

3
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inquiry-based courses. These courges place students under the necessity
+to make predictions and to Tive wit} uncertainty respecting theﬁultimate

ry. S&udentsdgifféﬁ;in their risk-"—

correctness of their efforts at ing

taking propensities and in theit$fear of being wrong. ! ‘\;\ \ )
. Riskétaking‘seems.to be ‘af fected mostly By the amb#ﬂt of i;for;>-- . :

mation a person or group has concerning the state of knowledge about. "7 :
' the problem. If a person believes that thg answer is really not. known, =
. then risk-taking is higher than if he knows an accepted explanation . :
ex;sts.'fﬁorn'reported that the composition of the groups must be con-
sidered.” He formed like-high, like-low and unlike groups based on the
motivation #€0Tes~ Like groups, both high ‘and ‘low motivatiom, took » - .
greate;ﬁfiﬁis than did mixed groiipey Groups uﬁually.,quﬂmbre risks . -
than individuals. o o " T R ' o

- -

-

“Lefkowitz (158): sought to determine the relatio ship .between a ‘ Y .
persondlity trait (dependence pronemess) ‘and performance-in a high - .
school chemistry laboratory. He-also tried “grouping -students ‘on. this

]variable'éhd_examiﬁing-pefformance,éf-kroupﬁ in the #laboratory. There
was a small but significant megative correlation between dependence -«
‘proneness and laboratory performance. Group memberghip. was not a

"~ .gigmificant variable.. Scores in ninth-year algebrg correlated more . o .

strxongly with success ‘than did-mathematical aptitude oy the persqnality
variable. This is another %tudy which would have produced more useful
information had the investigator performed a regression analysis. Then ; .
we ‘would know how much variance-on the-outcoqe mé_sﬁre was assoclated : .
© with each variable in the study. . . ¢ e oiwd o e

' ‘1Iﬁ-aifive=yg3r study; Scott (237);f6Un6 that]
type of program exhibited'moreAanalyﬁic modes onj

‘students in an ihqﬁfry‘ .
the Siegel Cognitive :

Style Test than did the comparison.groups. = |, . . _ ..
’ ’ . . : . o ’ LI TR e °.
»h'ng studies in engineering education deserve some attention. Khan ~ | ‘
.. .and D'Oyley (138) attempted to develop & battery for predicting success !

‘ in engineering. They. reported that prior grades,, especially in physics
and mathematics, made bette} predictors than.did verbal and mathematics
aptitude measures. There wag no indication the report.of this study

. about the type of analyses which were performgd to reach, this con- .
clusion. - . R » S e :

Hoyt and Muchinsky (116) examined experiences of engineering

. graduates to determine what contributed to their ‘occupational success. ' .
Ten or-the-Job factors were evaluated by the graduates; 1) sclentific '
knowledge, 2) engineering problem solving, 3) -otiginality, 4) persua-

- giveness, 5) intérpepsonai competence, 6) managerial :skills, *7) written
" communicatdon, 8) oral communicatidn, *9) precision, 10) practical
“judgmeng.  Items 5, 6 and 10 were most highly rated both by graduates .
and thelr supervisors.. Supervisors also stressed orals and written

. ‘communication skills.: Engineering courses, according to the graduates,

> helped .give them competence on items 1, 2, 3, 9, and 10, Other courses e

helped for items 6, 7, and’ 8. Extra curricular agtiﬁities were not

rated as helpful for any of the 10 categories. : : .
s b \ . 9 . et o L ) °

?eoplq:dif%er in their divergent thinking"potential agyméaéured 

. by the Torrance Test of Creative Thinking. Abraham (3) felt that the .

.
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-
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quality of discusniom in chamittry m‘izht bn mg I:um EE ‘mv AWl b »0

Cwith differing go;enttulu wem grouped’ . Me Cormed rmm it

and homogeneous

- coded‘discussions with the Aschner-Gallagher mtat’,tn G ast g w
_found that the groups differed. Moreover, there wia a litscest o
between gxo pings -and divergent thinking potsutlia’. "Hifila o. b W wwas R

- were favoré “in ‘homogeneous groups while high «iz,\mrzgs‘xp Epaea T ansd :

i;«g $:§m>*a¢-¥

favor in ﬁeterogeneous groups. .,
. . w k '{‘; " : o .-
Y = - Cohen (51)- compared the quca:lomus pacw:m of 83 wiaune. ,,»w vt

‘and social studies teachers. - He attempted kG vxlake ole gumant " ,.;ﬂ‘ -9

patterns to qritical thinking Scores. A we might Teve sasdiesd’
questioning patterns had no -effect.op the acomn. S Zmaamid s e ownoa
teachersu asked more questions than did non-ne. iamea u:m;'\w% -

e # TR

A} . ) K 'X) B
Renne (221) examinod the mer“;i‘f‘““} a:mwwﬂm T emeeR
participation de—ing inquiry sessions. Whio 'the ef8sd o 3- SRy mad
I.Q. in 4 yregression procedure ‘were rquwvod, L Whianvided lmﬂ TN ol i el
%> . pation made no difference.. Generally the Righur MRELiTe 27 ghon & Ry
in- the study gained m6re from the dilcﬁnitm: thau/h Li-nher (g ae . o
« subjects. S : ;y, S . :

Nelson.(197) examined the conseguenceu eE wf;btmg QnE 0wy iy Wy

.. insfriction on science concept -learning of sixth: giaders PR
. 2ex 2 % 2 factorial ‘design (school x stta&ogy K Bed e b s Tosens o
. - - the nop-probing treatment- yinel'éfed berter §elonce vonepgh Taenaloag ey
that. school differences ¥ere bigger ‘than troatment 4@&?1’&{‘{!3 Ba e
7 did not feel the probing conditifon gpt a really faly smar. o, sd5ue)
‘this on. the use of Clagsroom Observational Recoed ﬁf}ﬁ" b wnpees, T
.“ that. the two techniquel were distinguiahama. g S '

o , - - " :

Counter int:uit:ive eventa aro nékat to Né.wﬂke E‘af“rarrcu" mw g ¥

‘vide. an :lncentive to resolve the conflict’ peodm B Sanita

o

students. He added to the expbtimental exposuro & ssclas : Caenan
ntuitive events and examined the effect on miﬂnvmzwf TR )

dthievement gain and-retention for the: oxmtlwan?m P ) vé(,. g ?
.cant’t‘y\greater than for the control group. o _ ‘

.
.

. One of, them is honmramrk.- %u’;gw rmx LERE IV S
collectgd and co ected the homework of one meviank al By MDA s s s
- and,simply“‘tollect\e_v\the homework of the.nther. M s caens cre’ e
were no significant d ferences between grrmpo. I LI AR G T
" variables confounded and‘the conclusion roaviunt U #ma anets PRr A

el
students do_not know how tdyuse feedback may not e varfu:“m
1,_’ \ﬁ' . = , »

In a etudy of the effectivt ess of formm i,m;s aval o b ap § fatrsg 37
ation activities, Fiel (79) found “that whon olghth grads e wizeng .
. performed- poorly, they benefited moT® frod an Alroguar e aragaris  m
of .the content than firom additional practleo ffems. Slagwes o - oAy

1 was impcrtant to the production of “bettor qtum nt (;s«ﬂ’wnw oA,
. P . . .
o ' % S . .
0 e - ' 4 5 . - . ! )
t S Co B g ! .
S o o _ {?) - . : v o -
L [ T
) . . { e . . . :
. . .. : :
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discudsion groups based ou® th g Qe I IS S R

vho o
resepted demonstration-discuss'ion lesgons - o g tanue no “n;f\ T sspec g o
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iﬁv struct their own;models rather than to. have the teacher demonstrate.

R Pja'géﬁﬁn-Based‘ St_udies ’ /
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“‘Halsted (100) compared the effects f student assembly.of orbital -
modeld in CHEM study with the results when teQChers~1ec§qxéd and - demon-
strafed assembly. The active conditipn won. Halsted asked the students
to/express their feelings about which mode.of instruction they preferred. _
‘Séventy-eight percent of" the control group would. have preferred to con-- -

- i . . i - L .

Studies by Murray (195) amﬁﬁPower (215)'@ér9 also reviewed.
v - e . . ot
ES L . . . e ’ . T : ~

o . PR e ! o 4T
.. Using Piaget-type tasks, Kavanaugh (iszy tested the validity of a -
" proposed hierarchy through which children must pass in order to under- |
stand the concepts of speed. One-hundred and eight students in gradgs
six, seven, and 9ight'tried“givg tasks: 1) speed of \¢ircular movement
with concentric circles, 2) circular path of objects fixed to a rod, .
_3)'conbervatiqﬂ of uniform speed, 4) speed of ‘movement. in guccession, ’ )

and"3) uniformly accelergted moticn: 'He used a scalogram analysis tech-
nique to test for the existence of the proposed hierarchy. The*pre- & ‘
dicted order based on Plaget's work was 1, 2,-3, 4, and 5 The observed =
order Wasvi,?2,;4,~5, and 3. 1.Q. was also related to performarce. T 1.¥

* Sixty-seven percent of the sample could not complete the’tasks. The -
stage of formal operations amony this sample of students was later than
the 10 to 15 years of age proposed by Plaget. o L

Sandra'C;iemanf(SB) worked with the other end of the age spectrum. :
to; detexmine whether aging produces a decline in cognitive funétioning. _
Iéfthererarretrogréssign_in,cognitige functioning as indicated by three
tasks. measuring conservation of méss,,lbgieal inference and combinatorial
operations? The women in the study ranged in age. from 20 to 94 years. .
She reported a downward -trend toward pre-operational thinking with in- . . ’

. creasing age. - The meangh for the test ‘of logical reasoning were' lQw for.
all gfoups, with more than 50, percent of the youngar“ggoup‘functibning»

""at the concrete operations level. . Of course, in a‘study of this kind L
we cannot separate age effeits per se from early educational differences.

‘Thiel (272) took groups of Chiidren'ﬁhﬁ were .at the cortrete _
operation lével -and examined the, factors that ‘affected the way. in which

they madé predictions. He found that children: made predictions more
easily using ia tlassification rule than’/a serigtion rule. Children
in grades three through five experienced diffi ulty in coordinating

multiple dimensions. These factors, Thiel reported, affected the child's
ability to make appropriate predictions. o

. . N . . * . \ .

Students°working with Préfesdor_John Renner at the University of

Oklahoma have for several years.worked on the relationship between . v

sPiaget's developmental levels and, performance in science. In this ‘

tradition, Lawson (154) administered Piagetian tasks to 51 biology, 54
chemistry,-and'33'physics.students in an Oklahoma high -school:- He used |
scores on the tasks in a step-wise semi-partial regression gbCedure to. s |

predict success ofr examinations. He found Conservation ofgVolume and

Separation of Varlablés to be the best predictors of success. Subjects
categorized as. concrete operational demonstrated no understanding of

formal. concepts, Lawson concluded that a substantial Rgg;;on of A .
N < ' " . : . ' 'b B )
Ld R : s . '\



*

3

.l ( Sy \.A . P 2 T U R .

secondary school science*subjéct mattef‘required 1argely abstract or
formal levels of- operation but a significant portion of: the ‘students

still were operating largely at the concrete operational 1 vel. .
n A ¥ 3

M S G e
5y Raven (217§?has developed a .test for measuring logical operationa
. as_postulated by Piaget. -The test appears to ‘exhibit sound ;psycho-~.
L metric properties and eould ‘be useful iu‘diagnosing spedific patterns
" of reasoning difficulties. "Professor Ronald Raven'.and his students, at
the State University-of New' York ‘in Buffalo hdave worked for some. time
Jyl son .programing Piaget”s logical qperations with' “the ultimate goal of’
Tl improving - the sciénce’ performance of elementary and;junior high school
..8tudents. bertain-children may: come from environmenta which fail to &’
' provide eonsistent inputs that encourage progregs up the cognitive
fted the, impact of a Piaget-—

P

ey
[

about hiological, phenomena. Ninth.grade studen did profit from the.
training.. However,’the training was- of doubtful %nefit for fifth and
seventh"'raders. :Hammond (101), who also,workediwith ngen stud ad the
By effectiveness ofuusing a~ structured*set of exercises to help six and. -
. gﬁtask required the students to balance of make equivalent twd sub-systems(
* that involyed force‘ﬁnd digtance ‘¢atlables'..:The learning program in-y .
. yolved geometric figures, leVefvprobIEms, goldfish equilibyrium pro%le S,
,‘,and communicBting .vessels problems. Four logical operations were: in-

‘Volved. Hammond found that on the eriterion measure the experimental =

group did better than did the controls .and that eighth’ graders benefited
L. jore ‘from training than did‘k;;th‘graders. * He concluded that students

*\

ij.

‘of training. ? .

In support of Raven s deficit notion, Johnson (125)$showed that low
socio—economic-status students did not perform as well on classification

'aigtasks as did their richer counterparts. }
LY A ey

_ While ‘the Raven-sponsored studies ask whether training in Piaget
operations faci itates sclence performance, other investigators ask

< whether science. experience helps studénts to progress along~a Piagetian -

froiliy:

. hierarchy. With ‘this latter ‘approach in mind, G. H. Hansen (102) com—

pared“two types of elementary sclence programs to determine their cén-

% gequence for intellectual: development: of ‘sixth graderw. Fifty-dix

" #ixth graders.were divided into two groups. One grotp. studied the SCIS
Energy Sourc‘gpunit in thd first semester. and the local science program

* dn the second aemester. The second group. studied these two programa in

2

Q

weight, abd ‘Volume: three times: ;during the year. There were no signifi--
cant differential effects that'could be attributed to, program except on
conservation of displacement of volume, which showed up on the third
-Tolnd of testing in the, group- that had SCIS in the fall term. Handen" °
suggested a delayed effect of SCIS training. Presumab&y the .8econd °’
‘grodp which- also had “SCIS would show thisreffect some months later.vf :
o v

kY

T. W. Brown (39) also evaluated the SCIS program &nd found that,

ws in contrast to another’ sciencegprogram, student in SCIS were superior

in scientific curipsity, attitudes toward science and figural creative _
thitking. Ha l (99) found that a groupcof students in ‘England did not

|
s

w7 . - ’ - i ' . . N

"at the formal - Operation atage of development can profit from: this kind l

¥ - ladder. Eiu wlgg),'a student of Ravem, £xdn o
- - ,based struétured ‘earning experience on“childrep's cogrelative thinking .4 "

o eighth graders leatn compensatory tabks.~ The general problem in each ° &

Y

©
4

the oppesite sequence. All were agsessed' on conservation of - perimeter, 1

RS

-
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attain conservatjon of chemical identity composition and mags after . .. .- - 1
exposure to'nine months of chemistry.®™ = = 47 | . e &

& LN -

S ‘Phillips~:(212) investigated the i‘relat:it:insh:q;;‘j of chil_ggetﬁ!s abilityk
" 4 " to perform selected Piagetian tasks- afid their level,of achievement. in
‘. sclence as well as other subjects. 'There was a différence in science as =~ |
_ well as other subjects. ,There was a difféFence in scfence achievemet e
~ between students wha performed well on, the taskg and those who did.pot . - "

“  but there was no difference in mathématics achievemejiks:: Pexe' again;
. although this study was under—analyzed, we can infe *the presence of .
differential aptitudes that can influence 1earﬁing.‘\\" Ba o

. o .ok . . . . . L : <. e LS
i - From these studies we seem to be“forced ﬁto;thke ‘conclusion that,. }
gtudents Profit more from dnstruction in logic 'and abstract content’ I |
e only after they have pasfed-from concrete. to. formal operatioms. Just
* . wvhen, on-the average, they do that seems -to'be‘quite different for the -.
< * . various, samplesrused in thesé studles. Thé evidence that development ~ ™
" Talong“a Plagetian hierarchy is stimulatéd by experiences in science’ Beems

%

to be mixed. Jerry and Mary Ayers (18) repbrted ;cat exposure. to the *

© . <> SAPA prdg;%}}__&:xeased the rate at which kifidergarten children achieved o,
- conservation skills. .« _ » RS EoP : L
4 . g 4 g L 3 . S 1w - . |

. We seem to be 1‘ed*increas;,ng13{ ‘to, the ¢onglusion that learning to
» conserve one kind of quantity does not insure that transfer. to new vari-
" ables will happen. Conservation of mads seems unrelated to conservation
. of volume. F.“A. Smith (253) provided yet another examplé with young
" # - adults‘who are learning fairly-abstract concepts. Using programmed . =,
" instruction, he taught the law of conservation of leptons and of electric
Ncharge to collége 'ti“bn—;sciengevmajots to'see whether this would facilitate .
% the learning of the conservation of mdmentum. He didt“npt‘fir;d,‘ax/_& P
.signiffcant transfer of learning 'from one conservation law to another,
although exposure to tlie unit on baryons, leptons -and electric charge:
“ " speeded up, the learning of the conservatioh of momentum unit. :
- N 4 - ‘ . . 13 N

=

’ - ' :‘: v . c ' : ’ .. * . ‘{7‘;9 2
. <. Behavioral Objectives - ey S e "?"Z\- ;
g . Does it help, hinder or leave thestudent unaffécted to give him .
4 Jbehavioral objective statements prior to instruction? A review df this”
s+ . -literature by Duchastel and Merrill# in the 'j{ev:["ew of Educational
) L Regearch” leads to the conclusion that there is no special or powerful
IR advantage to this procedure. About as y studies show that bél{gvioral
objectives do not help as show that they ¥o. If people insist on study- _
. " ing the function of behavioral objecpiwves out .of- preferente or on. . N e
s .. theoretical grounds, then they might”do well 'to refiné the research g A
 questions to be able to find out what kinds of students are helped by ©
receiving objectives, what kinds ®f students are hurt by them, and what
*kinds of students can take them or leave them. The equivocal nature of

findings reported in the publication déscribed “above as well as in :
earlier B;Ze,nce education reviews should warn researchers that something -~ | -

ig wrong with the way the problem is being conceptualized. There is
C : € I % ; : , .

< Py :
. . < . O

. o ' , 2 ‘ . v
' " 4p, C. Duchastel and P. F. Merrill, "The Effects of Behavioral.Objegtives Je
' . ‘on Learning:'A Review 6f Empirical Studies,” Review-of Educational: - .
.+ . Research, Vol. 43, No. 1, Winter 1973, pp. 53-70.. N ‘.% )

. r? . - e . ; ‘ A . - . o ,v : g |
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evldence in the following described studies that many students do not :
‘necessarily use’ the objectives or adwance organizersh
® .. The data seem to be ;aually equivocal among the sdience studies *
reported in 1973. .Koch 41425, for example, found in high ‘school physics
no difference in achievement or on a learning en;}ronmént inventory '
between students who’ received objectfves and thos%-who 'did not. However,
students wha got the objectives-treatment scored highen on a co fidence
‘’measure. Koch said that some’ students used the objecti%es as a guide
mand some did-not and that the disposition to use objectivesndid not in-
crease on the s&ecqnd unit. R ) ,¢>~ ~,> SR ‘
LI ¥ .. ..
Sy Siqiiarly, Coléman and Fowler§(52) found no difference in achieve:ﬁ
. ment with or without objectives for- freshmen in a science '¢Gurse of

' non-maiors. Neither“the sex nor thearea of matriFulation nor-'scores

‘on’’an attitude: inyentory chénged these results Stedman’ (261).reported .;m

' ._receiVed objectives. f~ LR ‘., . s /’_,r

)
g

. gimilar results in high scho81 biology.. Hey ‘ound that &tudents tested
. wlth questions geared to Bloom's ‘takonomy performed equally well ‘on th
first four levels of questions regardless of whether(or not they had

i Kelley (134) exsmiged the effect qf three treatment conditions on*q
performance in an andio—tutorial .course in college geneticds: behavioral
‘objectives; non-behavioral objectives, no objectives. He also used the
Eysenck Personality“Inventory (EPI) to block subjects into. five -groupsy
so that he ,could by means - of multiple regression determine the poiwer oé
both intellective Z d” personality batteries toapredict achievement 2

the audio—tntorial units.  Objectives seemed to help performance’ for

" some groups.”He .found that -the group categorizeY as "introvert-stables"

what meye. refined

had the highest mz;:s and less heed of objectives)
are to parthular

ptdach co the uestion of how uch help objecgives "
inds of atudenﬂg §

) In a less carefully desfgned study, Shields (245) found that
behavioral objectives in audio-tutorial college biological science
course did not enhhance achievement. -He felt the effort and time in-
;volved in writing ‘objectives might better 8o into improving preparations.

Ty
In high school instruction the case for objehtives seems ‘as uncer- -’
.tain ‘a8 it does for college instruction.: Olsen {203) found in’ high

Y l, / . I \‘E_.,, . '15'
[

A

"Here: we see a. some— s

o
*

=3

]

school science. that (prior knowledge of objectives led to. higher meah Qg

" scores and better retention in. both ‘whole group. and. self-paced forms of

. Instruction. Mottillo (192) analyzed the effects of presenting be-

havioral. objectives in E§§F physics. In a series of replicdte studiles

'_ he used both the F* statisﬁic and t-tests with somewhat different results.'

£

0]

Generally, there was ng’ clear win for behavioral objectives. ‘$i*
Presumably prior, knowledge of’objectives would help students to .
focus their efforts and so hake the learning process more efficient.
However, @bjectives can act to impose an organization on .the subject‘
matter w?ich is not suitable for every person. R. A, Graber (91), for
example divided 143 undergraduate chemistry student's into’ good and
_poor .organizers, He developed a 2500 word passage with an organizer.
Spme students.got the organizer before reading the passage and some, ¥ -
‘after. He had a non-organizer as the cortrol group placebo. Grabera'

R L




AE
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. . 3 . | . . .

. found no differences among the treatment g, ups. - Instead he reported ' ' .
that skill at organizing was the key variable. Good organizers did - e
better than .poor organizers. A replicate study with 78 high school =~

" ‘physics students produced the same kind of results: There were no

- #significant interactions-between.the.treafment conditions and organizing
skills. o T T

<

/ 4 L o

W : N ) R / . o - .
M’}“»Thomas (275) found that set_induct%bn techniques in cgllege botany
appeared ‘to be especially helpful to females. -~ =~ i _
e R i L * 5 ot .

%

. 'Iﬁiéf&FUdy éegggﬁyp,e’aluate both/A@éqbal's orgéhizer theory and =
-,Bg@hkppf'e-hypoﬁhé§ié*tegard;ng spaced/ questiong; Feller (78), found

*thktathe“advance organizer presented in oral mode 6nly: seemed; to pro-

[Muce confusion.. Among his tenth grade biology students. the ‘group whick

fi general, however, there were no significant differences among the
- experimental treatments, - . ' ST s LT

R T .o L . . :;'~‘ L . . .
i Jungwirth and Tamir (130)wéoughc3tg#corréihﬁb teacher image as
. derived from earlier studies with sfudent :achievement. ° Students: ranked

14 objectives as. they thought theiy te%§§2féw§ouldt' Thé correlation i

>

-
s

. best predictor. Student. priorities thpfcqrfélafEd with achigvement but: .
vaccountéd for less variance than’did three of ‘the' four areas on?the s

-

We included the Graber, Thomas ind Féller. studies in this section »

. -rather than in the section-on learning to" show the probable theorgtical
connection between objectives and organizer theoxry:” Other -reports base
"on Ausubel’'s theory.appear .in the gection on learnipg. For now, ome ¥
ought'toﬁrgcoggizehthét'most'of“the'research«on the use of objectives ° -

L _appearg &0 have no theoretical base. If objectives are meant _to function

“as advance. organizers, then they appear to be:doing no mpre good in’

. science iginrugtion qhan_are~mbét{offqhe.studies,on'ggyanbejorganizers. .
"’ These, tob, have produced equivocal results. ; T :

"By far.the,largest block of studies reVieWed;'aud$g;tutoria1’pro-

grips mﬁgylyfséem‘

to be of interest to teachers of college students” .
although®a few investigatbrs used high school students as.gubjects.. We
* examined these studies to, see whether we could learn answers, to three .
"+ qéestions: 1) Underwhat conditions do self-diretted, self-paced prograhs
" help and under what' conditions do they seem to hinder progress?  2) What .
e ,earﬁethcharacgeristiés interact with the modes of presentation? ‘ 3)- Are
/?.ﬁ%.ﬂshere any trends that ‘would allow us to make some recomendations for
. ractice? L . h . . - s
- . o, . ‘ ‘ R S .-
“". If there is a single refrain sung by people who wrote and evaluated
indepéﬁdent"géqdﬁ'ahd»audio-tutorigl programs, it concerns student pro-
¢ crastination. Self-starting dnd self-directing norms apparently are not
7 dominant in student groups! Given this difficulty, how do audio- . '
» tutoridl, indivitually prescribed, and/or self-study programs do-in
ot comparison to more $tandard programs? . One way'to~ékamine the question

gt

™ ,ig to 1list the studies as shown in Table -I .according to whether the out—-

" comes favored.on the oné jand the experimental treatments, or 6n the
_other hand failed to show eﬁoQgh di@ferencefto make the effort worthwhile.
. . X ] ’b . » ) . X . . . ) 5
" ° ‘ & et e oy .
‘ ' ; 4 G , : .
‘\7- . . 1y

ot the advance Organizer‘andlspaced—faCtual'recall performed lqut.well;f

between student and teacher rankings was low," Teacher Image was the "~ °

Teacher Image measure. .. ‘. / R o . ,
R . i "o - =, ) / L m . A ) /

Y
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o .VWe- might perhaps be anlittle less, controversial if we simply distinguished

studiés that showed no differences in the outcomes. from those that did,

-;3 without raising the question of worth ‘

- The question of worth concerns how much - difference thegermust be to
justify the effort involved in planning and, especially, managing an .
audio—tutorial or equivalent type of program. Unfortunateiﬁllgew of the
studies dealt with this question. The question qf worth ¢ so be
considered in another way. Are theré\particular ypes of students who

. seem.especially to prosper under an audio-tutorial format” of somavkind? .

R Herd we should Took for aptitude—treatment interaction (ATI) studies.

.-

. . i v 0 . Co A,

+ - These are investigations ich examine how learner characteristics -
interact with the materials or which contrast the way in which. the, - v
various presentation modes (e,g.,=werbal, spatial, etc.), interac with :
learner variables. ATI studies can bbgin to help us find: out s er ‘what ES
-, - conditions and for what students virious modes of presentation are ‘- - i
_especially useful. ‘There are a few' ‘ap itude-treatment lnteraction o
, studies included among those revdewed\ Hopefully, in succeeding years
'}, the number will increase. . %\ .2& :

o In connection with audio—tutorial entures, it may be useful to

' distinguish between individually paced and individualized programs.
An individually paced program allows students to progress at different
rates. “~An individualized program must meét one more condition. It must

‘make comparable .content available in moriLthan one format so that people A 4&

with’ different aptitude configurations can find mwodes of presentation
which‘are espécilally suited to them. Aptitude—treatment interaction
o .studies,could help us to answer the question ralsed "in 1967 in the study
A by Stoaolosky and Lesser3: Are the 0benefits to be derived from matching
: instructional strategies to patterns of mental ability?

=) .

The need to perform aptitude—treatment intersction studies to dis-
cover what patterns of ability-seem to be called-upon in different suh~
jects is illustrated in a study by Grobe (92).% In a comparison of

audio-tutorial and conventional biblogy programs where 'students were SR L

grouped in three aptitude "levels, knowledge of aptitude and treatment
accounted for only 9 5 percent of the ,variance on CEEB scores (gsee
Iable I).. The 91.5 percent unexplained variance warrants ‘'some attention.
The multiple linear regression procedure used in this study is, an effec-
“tive. alternative to two-way analysis of ~varlance since it preserves more
" data.and makes the need for identification of, other variables more
obvious. (This study appears in two journals under differentwgitles and
with 'A. W. Sturges added as co—author in one of the versions) ‘ .
If there is a problem of student procpastination in se1f—paced
modular programs, what can be done about it?““Nelson and Bennett (198)

S53uan S. Stodolsky and’ Gerald Less r, "Learning Patterns in the Dis-
. advantaged " Harvard Edhcational ﬂev »'Vol..37, No. 4, Fall 1967
* pp. 546-593.° ~ . .

B

.6c. H. Grobe and A. W. Sturges, The Audio-Tutorial and- Conventional

Methods of College-Level Biology for Non-Science Majors," Science
Education, Vol. 57, No. 1, January/March 1973, -pp. -65-70. | T
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A
surmised,that shorter units in a psychology course would help eTiminate -
‘the problem.
. to beulearned in one case into twelve units “and in .the other; twenty--‘
three’ ﬂpits. Nelson and Bennett concluded that more small units result
in better productivity. +Studernts paced themselves more regularlypwith
shorter assignments and they seemed to investigate ‘the material.in more
--»depth. . Thejrost to- this,procedure lies in the incre
tests on e&c anit,
*-*4o Nelson's and Bennett 8 reported differences in performance. More,
quent-hxamst:er smaller portions of subject matter necespngily lead to
“mOYe reheargayF of content and more feedback on how one is ddingﬂ
i ! '

v -

—

tudy (ISCS) level YI program in two formats, printed “and- ﬁhdio-

and«tanaomly assigned students from each 1eve1 to . a treatment. On mea-
sureB of achievement, retention and time to complete the work in the

HgiISCS’self—paced program,” 811 three audio—tape groups out—performed the
printed instruction grbups. L

o7

thle Atkinson wés' entirely correct in using an analysis of co-
variance x. Q. and .STEP), in this instance he might have. produced more
information had he also employed a 1tip1e Tegression procedure. We
" would then know how much of the varfance on the outcome measures would,
be aécounted for by knowledge of .I.Q., reading ability, and treatment,
There 1s also the potentidl here for an aptitude-treatment interaction
lnalysis that would provide some basis for- ndividualizing instruct!on.
- This ‘analysis wotld. provide % means for idén tifying exactly which
'students would prosper under. each treatment.

1 v N

o In a step-wise rEgression procedure, McDuffie-and Bruce (178)

'examined relationships between personal characteristics of students in‘

B 4 year long audio-tutorial bidlogy program and achievement and attitude.

W“_In addition they used a step-wise discriminant analysis technique. to,

A predict membership in high and low performance groups. 1In anuattempt
to differentiate characteristic profiles for high and low achievers and

.. for’ students with positive and negative attitudes ‘toward the: form of -

" instruction, they administered the Guilford-Zimmerman Temperament (GZTS)
Survey, Moore's -Sclentific¢ Attitude Inventory, the Nelson Biology Test,
' the CEEB, and an apt ude measure. kPErsonality factors on the GZT%/ﬁﬂre
rédictors of - dchii ement and attitudes toward sclence as well as the

*cﬂform ofainstru tign. ut emotional attitude toward science as well as

bal scoregs were. key variabiles. ° ‘

Lo fon '

McDuffie’and Bruce concluded from the small“ﬁht significant ex-~
plained variance 'in the criterion measur (23.2+percent) that the ™
abilities, attitudes, add personalities o
“compatible with audio-tutorial'forms Bf instruction. The _approach em-

. ployed in the study provides a means of identifying students for whom
audio-tutorial method 18 an inappropriate instructional alternative
since, the discriminant analysis indicated that low group membership had

© high post hoc predictability with respect to achievement. Audio-
tutorial instruction provides an alternative to large ‘group imstruction.
The techniques employed in the study, could provide” a means of cate-
gorizing students into treatments that would be especially compatible
with their modes of, 1earning. . .

i

b

the majority of students were

%

ked time’ spent taking
It is possible to offer an alt rnative explanatign '
Te~

k@nson (151,arranged informhtion in an Intermadiate Science Cur—.

He ‘grouped 72’ eighth’ graders into three levels of. +reading - ability,
L

e’

.(;'._

v i red

_They. set up a condition in which they organized tha materikl'

e
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- In Individually Prescribed Imstructitm (IPI),: Peura et al (210)
found that the previous grades of engine ring/students who had come
through mpre traditionally organized progr did not make a good pre- -
ctor of ‘success in IPI. They reported tha 40 percent of the students
_had difficulty pacing themselves and 95/percent felt the ‘effort was
‘greater than the course warranted. O0ddly enough, 84 percent reported

* .~ they would choose another IPI courge. oL et

« s .
Campbell (f?; examined characteristics of low, medium, and high
success students taking part in a self-paced high school biology program
_ where Learring Activity Packages "(LAP'R) were used as the medium of -
instruction. He suggested that LAR's may not be good for low ability,

poor readers. Students who were sucgessful with.LAP's generally had
higher 1.Q.s, read better, worked faster and had higher science achieve-
ment scores. Once again we are led to the donclusior that a particular
format of instruction mzy be differentially‘sucbesqfﬁ%. The task 18 to
. discover which variables predict succésp for each type of instructional
format. In short; tifere need to be more aptitude-treatment ingeraction

studies. - ;
. (-3 ‘ .
¥ Two studies based on 0. R. Anderson's’ research on theseffects of
{ atructure in verbal communication provide some guidancgmggguerningithe'

way in which audio-tutorial and self-study packages might be comstrueted.:

" What he calls "kinetic structure” is measured by identifying and counting
the subidct matter terms which appear as tommon elements in contigucus’
sentences. By altering the frequemncy and distribution of occurrence of
the terms, one alters the kimetic structure of the presentation. In an
audio-tutorial college biology” course, Mathis (176) contrasted the

 » epffects of presenting high kinetlc structuré¢ and low kinetic structure

<

‘- tapes to students. There were no differences in the time taken to com-
plete the program. An analysis of variance.on the post test.scores =lso
failed to show a significant,difference. While there was no significant :
interaction between verbal ability and treatment, a covariance ‘analysis.

"indicated that a positive relationship exisped between student achieve-
{- mént and degree of kinetic structure. ' ° :

¢ ,,Butterworthflgh), who was also a doctoral gtudent of Anderson, .
examined the effect of levels of kimetic structure on affective learning
. in a frochman college bilology, course. He mcaﬂu;bd-the effect of struc-
_ture on content acquisition. Students learned more under the high
- = "kipetic structure format and felt that the high structure lessons were
more helpful, but not necessarily more valuable or relevant. These
two studies call attention to the need to consider the amount and form
of redundancy; in novel materials.” e ’ -
Brown (38), who was interested in Liypothesis formation, assigned
stydents to independent laboratory work or to regular laboratory in-
struction in freshman college biology. Objectsvisualization and anxiety
levels were the learner characteristics she identified as possibly :
re}ated to hypothesis formation. Here again there would have been an
g;Cellent opportunity to pesform an aptitude-treatment interaction -
> 74 - -

»

>

o ’ e

~70.°R? Anderson, St;Ucture:in‘Teaching} Theory and Analysis, Teachers

. College Press, New York, 1969. , . @
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analysis but.this was nét done. The results, while interesting, are

not as discriminating' as they might have been. Independent study did
have a direct «ffect on both inductive and deductive hypothesis formation.
High anxiety students in general did not perform as well as -did low
anxiety students. ° -

McElhattan (179) Meveloped and evaluated the effectiveness of an ..
auto-instructional chemistry course for prospé&tive elementary . teachers.
All the students exceeded the minimum criterion score on the conternt -

. ‘test. Students also improved their performance on the Test of Under- .
standing Science (TOUS) .and the Processes of Scientific Inquiry Inventory
In a conceptually more interesting &nvestigation thdt employed
principal component analysis, Barry (24) contrasted student performance
on a traditional presentation of topice on sound waves with performance
on a linear program of ‘written material arranged in a knowledge hierarchy

as described by Gagne. In three.first-form classes he obtained test
scores on the topic, mid—year gsciénee scores’, number of errors in work-
ing the program and I.Q. He foﬁhdﬁthe error iate was high and that many .

. students did not correct their érrors. He noted that the error raté did
not seem to be sighificantly related to the aptitude measure, a fact R
which he felt calls for further research. He noted,-however, that higher- <
error rates were assoclated with lower scores. .

B

Burney (43) developed and evaluated programmed materials for college
physics- and engineering: stquggs who were learning about amplifiere.
This dissertation contains a review of programming methods and relevant
learning theory, but the analysis of data leaves much to be desired.
A . -

In a study meant to contrast individualized science instruction
"via ISCS with traditional science; Heffernan (104) unfortunately con-
founded content and method variables with the result that his conclusions
concerning the efficacy of individualized instruction are largely unwar-
ranted. What he in fact)did was to race two curricula, ISCS and the New -
York State Science curri ulum,against each other, He used the TOUS, the *
Watson—Glaser Critical Thinking Appraisal and the Student Science Atti=
tude Survey. Moreover, he reported that the teacher of the ISCS may
have influenggd the New York Staté program teacher to increase the amount
of group activity. Heffernan might have recovered valuable Info¥mation
despite the design problems he had, had he performed a multiple regres- -
gion analysis to find out what part. of total variance was contributed
by each of the factors: curriculum type and pacing. "

'y

,  The ISCS science program for grades seven through nine requires
students to direct their own progress for considerable blocks of time.
E. §¢ Stallings (260) us?d the Tab Sclence Test to\pompare the achieve-
ment of ISCS students at leach grade level with that of studeats in what’
he calls a traditional program.’ He:found no differences at the seventh
and eighth grade levels but did find a difference in favor of non-ISCS
group at the ninth grade. The Tab Test presents an interesting approach
to evaluation but, as Stallings points out, its reliability is rather
poor and one must be guarded in interpreting results based on. it. If,:
however, the'results do reflect a real difference, then we may have here

"another instance where students do not direct their own learning very
well. .

i
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‘students had higher scores %§3

222 v , ' ' T

) g d Johnstone' (68) found that 14 to 15 year-olds had diffi-
culty le@rning chemigtry which was’ presented in a programmed instruction
format.

Smiley (251) used the audio-tutorial net{od to give secondary °
biology students freedom to choose whether to come to“class.~ He found

‘that students who were not compelled to come to class performed as well

as did thosé for whom dttendance was compulsory.

Couch (58), on the other hanﬁ, reported that in a microbielogy
course where students had what he called guided learning plus lab,
performance was not as high as with the traditional 1ecture»p1ué iab.
Based on hig data, Couch concluded that students want to’ beé spoon fed

and do not like'it when they are not. §

‘

In a study of the Iniﬂvidually Prescribed Instruction (IPT) systen,

' Rookey (226) foupd no differences at' the early grades on a variety of

attitude -and performance measures. He noted, however, that middle*level
measures of creative tendency, self-

concept and attitude toward
students, the controls had bet¥er attitude scores but the IPI students
had better self-concept scores. .

PR}

Shaver (242) found thdt students in an earth science course who
learned through’ independent gtudy performed as well as did.those who
received standard ipstruction.  He observed, however, that in the follow-
ing year the acddemic achievement of the independent studj group was ;.

'significantly higher than for the controls.

Type, Indicator, Smith et al, (252) presented a self-paced: program.

They sought to answer a question more researchers should consider: -’
namely, for what kinds of students are certain treatments helpful?

They produced gome interesting findings. The MBTI hds a two-way classi-
fication schpme Extravert-Introvert, and four pairs of preferences:
sensing (S)'— intuitiop (N), thinking (T) - feeling (F),. and judging .
(J) ~ perceptive (P). - Seventy-three percent of the students completed
the course in thermodynamics in 11 weeks. The N~types liked the self~
paced formats while’ the S-types preferred group work. T—types pre-
ferred lecture while F-types chose:the self-paced format.: Introverts
..had higher GPA's. F-types took'smaller course loads and attended more
help sessions. T-types took heavier:-course loads. No signifidant
correlations were found betWeen the’ Extxaversion—Introversion varigble
and scores which indicated the students' preference for various teaching
methods. Smith, et al. concluded that the composite type for whom
self—paced formats are desirable .is NFP (intuitive feeling, perceptive)

To a group of engineering students who had taken the Myers-Briggs \g .

Kelley (134) administered the Eysenck Personality Inventory (EPI),

. among other measures, to find out what personality yariables would.

predict achlevement in ‘audto-tutorial units on genetics. He found the’
extroversion—introversion dimension of the EPI.contributed significantly
to total variagce. Introvert-stables had the highest means.. The best
predictors were grades from a prerequisite course and SAT math scores.

v - .

ihool han did the controls. For younger ff
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Wright (303) compared performance of college students in individu-
alized and standard earth science courses for non-majors. He assessed
changes in understanding of the nature and processes. of -science, acqui-
sition of earth science knowledgé ,and attitudes toward science. He «
found no differences in attitpdes. ThHe traditional group acquired more
earth science knowledge and vocabulary. The individual learning group
glined more understanding of the nature and- processeg of scilence.

Hogg (112) did a survey to detexmine attitudes toward progyamed
leamning in college .chemistry and found, as did some of the investigators
previously cited, that, on the whole, students liked self-paced indtruc--
tion., It should be noted, however, that ATI studies indicate this mode
‘of imstruction may be inappropriate for some students. Generally. the'
self—directed or self propelling requirements of. self-paced ventures
seem to present problems:for many atudents who find procraatination to
be the biggest obstacle. : . v - . ¢ .
In an aptitude—treatment interaction study (ATI), Ann Lee (157)
attempted to.distinguish behavior traits of students who learned best
under CAT from traits of thoge students %ho learned best in a traditional
laboratory physical geology course. In addition to biographical data,
she administered the California Psychological Inventory (CPI), seven
short~term achievement tests, a long-term achievement test, and an .
attitude toward CAI scale whichcshe correlated with CPI traits and with
perforhance. Johnson-Neyman- tests of the two ATI hypotheses showed no
regions of significance between the traits and the two Ttreatments.
Generally, CAI in geology appeared to facilitate learning for males, “
scignce-related majors, and students with preyious computer eXxperience. -
Females, Ylberal arts students, and those with no previous camputer
exp.tience did better in the traditional format. 0

~

Thomas Smith (256) sought to identify relationships between per-
' forflance ‘and selection patterns of students learning chemical analysis
through an on-line computer delivery system: selection patterns refer
to positive and negatiwve instances of the concept. He identified two
patterns, attribute centered and instance centered. In the former,
attribute centered, the learner selected the results of one test solution’
across all instances before moving to a second. test solutién. In the
inktance-centered strategy, the student seleqted the yesults for all
test solutions on one instance before moving to the next instance.
Smith varied the task characteristics by presénting the information
in linear and matrix forms. He also presented feedback in these two
forms and he altered the complexity of the task by withholding a number
of relevant attributes. Each student chose what information he wanted.
Smith reported that while there were considerable bétween-person dif-
‘ferencgs, each learner tended to maintain a ‘particular selection pattern
across similar tasks. In "this study, which has considerable theoretic
impact, Smith categorized the observed selection patteins into four
groups: 1) analytic-attribute centered, 2) anzlytic-instance gentered,
3) glcbal-attribute centered, and 4) global-instance centered.

Summerlin and Gardner (265) compared achievement in two weeks of
chemistry under CAI and> non-CAI regimes. The GAI group achieved higher
scores on the content measure. Cunningham and Fuller (59), in a less
well designed comparison of performance in a CAI physics course and in

4
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standard physics, found no difference between-the two grodps. They,
concluded that preparation of CAI involved too much work for very little .
gain.

& " : . ’ ) N .
Wolff (299) developed and evalliated a new CAI language, called
"CHIMP," to determine whether it would function for interactive tutorial

and’ drill lessons as Well as be suitable for the study of learning.

The potential of CAI for examination of science learning processes -
probably should- receive more attention in science education research
. than it has. to date. It makes possible the study of decision processes.

N

8 ' ;
Formats for Instruction

; A monolithic conception of intelligence or aptitude is rapidly
disappearing} In its place are sets of speclal aptitudes: verbal,
visual spatialiation, numerical, and a host of others. &Each branchdgf
< sciencé and even sub-disciplines within a field may draw heavily onzﬁpéyﬁm
specific combinations of aptitudes. Amn Roed noted that within Lhe
field of physics, the prominent scientists she interviewed, differed’
mankedly in their techniques for working out ideas. Some used diagr
and schematics to help them think, others’ never did. -Similarly, stu&gsts
may exhibit a great variety of preferred modes ‘for receiving and process-
ing /Anformation. ' The kinds of modes in which they are required to
retgrn the results of their- thinking to the teacher usually are verbal
" and numerical. In any case, it may be desirable, now that an extensive
pool of curriculum materials ip science exjsts, to pay more’ attention .
to the variety of ways these materials could be presented to different
)kinds of learners. :

v

n

First we consider different 3§Hes of presentation (e.g., oral and
visual) and® ask whether the investidgators concerned tried ro distinguish
students who benefited from & technique from those who found it inhibit-
ing or, at‘least of no ‘help in learning.

I
A &

If eighth graders do not read very well will ﬁresentation of in-
"forpation on audiotapes help them to perform more successfully in, science?
Atkinson (15} showed that in the ISCS program when students who did not
read well received instructions orally, .they performed better than did
their poor reader counterparts who did not get much help. With a sample
of first grade children, Hibbard ‘(106) attempted to remvve poor reading
ability as a factor in learning science concepts by supplying 18 audio+
tutorial lessons. These lessons included work-slheets and manipulative
materials. Children in his sample ‘did develop concepts without benefit

Jof reading in the usual sense.

However, Moore (187) found that biology students who were poor
Yeaders were not especially helped by audiotapes that supplemented their
texts. Neither achievement nor attitude scores differed from those of "
the control students. :

- | ‘ -‘ Y -
: ~ _ S
8Ann Roe, The Making of afbcientist, Dodd, Mead and Company, New York,
1952 - o )
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Hibbard (105) also showed in a second study of first graders that a
combination of pictfifes and actual manipulatibn produced theé most learn-
ing if these techniques were coupled with discussion. In both studies
he reported that the correlation between reading ability and sciemce .
learning was not significant. KD others have done before him, Hibbard
suggested that «sclenfe experiences allow the non-reader to build verbal
facility. In this connection hé found a strong positive correlation
between scores on a science test and verbal predictive ability.
s o

What do we gain by. giving students materials to work with'in a

to gather the same information? Merkle (18%) reported that inservice
teachers who had a-laboratory experience with pendulums gained more at

laboratory type exploration as compared with sending them to the library °

the end of sig,weeks than did those who studied pendulums by reading } . |

about them.

Mhat effects do plctures have on learning? Here .we need to con>
“sider whether the pictures are just decorative, whether they, are redun-
dant with text or whether they truly substitute for words in text. In

. short, how much of the message does the writer mean to have transmitted’

through pictures? Holliday (113, 114¥'has reviewed the regéarch on use
of ‘pictures in science educatiom. For people interested in this topic,
his review is helpful. . e

o .
Particular attention should be given to those studies that examine
the relation between the learner's characteristics and his ability to
make use of pictureg’ If the picture is meant to carry the message,
then the artist and the authors work together from the start on pro-, .
. duction of'curriculum materials. Each shapes the thinking of the others.
' The.ISIS project, a new NSF.funded program directed by Ernest Burkman-.
,at Florida State ,University in Tallahassee,has proceeded in this way.

Holliday reported that pictureg which are adjunct to the text do\
“not always help. If they are simple, on the order of diagrams, there.
may be a facilitating effect. He warned that the influence of picture
is complex, but at least. there should be some correspondence Between t
kind of concept to be presented and the plctute. Some concepts do not\

t

lend themselves well to pictorial presentation while others probably
ought. to be presented with graphics.
’ - W .‘ 6 -

- +Pictures may be used_ngt only duting instruction, but also their

potential use in evaluation warrants attention. Reese (219) constructed

a pictorial test for Blue Version BSCS biology. He supplied validity

and reliability data. The test was both individually and group adminis-'

tered with similar results. It ‘would now be interesting to construct
a verbal equivalent of this test and to find out whether students with

~ different verbal and spatial aptitude patterns perform in the sam! way

on both forms of the test. N
* Voelker (291) suggested that the kinds of plctures which help may

differ depending on whether students come from urban or rural settings. _

He collected feedback from several groups of children concerning which

uses of particular pictures helped~ Probably feedback from students in

other than a typical test mode might be helpful in the whole area of .

~ pictorial communication.

~
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Talley (270) found that students in freshman chemistry did more
critical reasoning when they used molecular model kits to help them .
undérgtand molecular structurg. Ian Thomas (274) found tha films
helped Australian seccndary scgool students 1%§rn Coulomb's’ Law.
- : o

B. W. Hill (108) found that audio-visual slide tapé units helppd
students in general collegé chemistry to learn chemistry. In one Ureat-
“wment condition, studepts were free to use or not-uge the tapes as they
pleased. Since this treatment group did as well as the group which was
required to use the A-V units,,she concluded that students were good ‘
judges of-. their needs. They used such supplementary regsurces if they
felt they needed them. 7 ‘ o7

- .-

Three studies on the ways in which planetarfums help students learn
astronomy and aerospace concepts are reported in this section. . Akey
(6) found in a one group. pre-post design that second graders understood
24 of 39 concepts prior to exposure to the plametariup. There was a
positive correlation between time gpent post-teaching planetarium con-
cepts and retention. Sunal *(268) ‘also used second grade subjects and
féund significant gains in all goal areas. However, a group exposed .
to an’ astronomy ugit, as compared with an astronomy-planetarium experi~".
ence, did as well. He concfuded that the planetarium functioned largglj*
as a remedial and review device. Reed (218) also found that the plane-
tarium as a demonstration chamber accoriplished little with.college -
students. When the planetarium was used in conjuncticn with classroom
chalkboard drawings and celestial globes; more learning occurred.

s We could find no work tdé date on the use of pictures, cartooms, etc.,
to convey any ¢f the affective and valuing aspects of science. - :
. Lerch (159) pgpsenfédAIZQ college physias students with “a divergent
lab and 35, controls with what he called a traditional presentation which,

wag largely deductive. He used a questionnaire to- tap six factors:
‘1) qualitative and quantitative measurement, 2) choice ‘of experiments, .
3) interest in experiments, 4) gelf-sufficiency in lab, 5) verification,
and 6) 'use of models. The divergent tteatment group responded differ- .
ently from the controls on factors 2, 3, 4, .and 5,
In a high school biology ccurse, Egelston (70) f£cund that groups
exposed to inductive instruction did poorly at first but finally sur-
passed the deductive group in achievement. The controls, however,
exhibited a better attitude. As far as the rating of the quality of
the learning environment went, the controls scored better on intimacy, -
éatisihctioq-aqd diversity indicators while apathy, disorganization,
goal direction and formality were factors rgted strongly by the iddue-
tive group. : . . : ‘ .
. 5 . /' .4@.'\\,.:
Linz (161) contrasted inductive and deductive chemistry approaches.
The inductive approach went from gpecifics to generalities. The deduc-
tive mode progressed from general to specific.+ The deductive mode '
produced generally better results. ' .0
' 5N
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. Curriculum Evnluation

3.

In this section we include studiesxthat examine ‘outcomes of instruc-

"tion in vatrious content areas. Outcomes can be cognitive or affective *
"or both. ,Those papers which reportgd standard: kinds of achievement

- results are discussed in’ the firkt paxt of this section. More investi-~
gators are takiﬁg an Interest in attitudes, preferences and values that
develop of" ‘gre influenced by instruction. Studies where such variables
recelve atﬂéntion appear in the secénd part of this section.

From this lstter group we léarn that the pass—fsil option does not

‘seem to facilitate learning or to particularly influence stugant liking
. for. écience‘ Dogmatic people find modern science programs with their
emphasis ‘on"inquiry processes difficult. There is evidence to suggest
that, aelf-condept and personality changes rarely occur from exposure "
to sclence of the durations typical in these studies. However, there
'is_evidenge that students who learn an analytic mode of inquiry in jupior.
-high schoolystill retain thé mode when they are seniors. There is also

an ‘$#idication that sclence 18 a great equalizer with respect to people
vho differ 1 .8elf~concept. People with.poor sblf-concepts do-as well
. a8 those‘%ith more positive views of themselves. .

. an;; ,teresting investigation Bullack (42) compared the relative
effectiveness of three different types of elementary sclence programs:
Science ~3A Process Approach (SAPA), Environmental Studieg Project (ES);
and the Laidlaw textbook series. ‘Twenty-seven teachers’ and 512 sixth
_graders in a’ southern school system took part in the projects. The 2
AIAB Science Puzzler Forms B and C were administered as pre- and post-
‘tests.
between SAPA and Laidlaw groups ‘but both these groups qut-performed the
ES group. '.Both SAPA and Laidlaw programs produced improvement in problem
-solving skills. There is no report as to whether the investigator
_.werified how.much science was taught in each condition or whether the
“ﬁprocesses used reflected the intents of .each program.

’ 3 @

Renner,'et al. (223) did a serieg of investigations of the Science
Curriculum Improvement Study (SCIS), an activi;;/based elementary science
program. The paper,»which appeared in School Science .and Mathematics,
i% a composite of dissertation studies by Renner's studengs. The
general tefior of the studies’ favors SCIS,as a progran which encourages
development of science procesies and language. Development along a
Piagetian continuum may be encouragad by participation in the SCIS pro-
gram. (See the section on developmental studies for further disdussion
of this point. )

' ‘ el :
o L . o

. Daugs £60) compafed sixth graders' performance‘on an earth's at-
mosphere unit where the ostensible difference in treatment was simply
‘'whether or not a.class used ope text or many texts. With the use of
the Cloze procedure to measufe gains, Daugs found no performance dif-.
ferences between the two groups. However, teachers found the panage-:
ment with five versions of a program rather difficult. In,short, the

* multi-text treatment did not help. the subjects in Daugs' study any

&

more than a single text did. oIf: the range of reading skill in . .the group -

vere not large, thet one could expect little advantage from a multi—
text approach. . .




’

How does the duration of training relate to retention? 1In a well
conceptualized and analyzed .investigation, Audrey Tomeras (279) examined é{
“the. retertion and lateral transfer of the processes of observation and )

< comparisqn. She asked whether these processes once acquired would-

- Yetalned over'intervening non-training periods of three months to a
.year. Data were collected from a rural jumior high ‘school and from an
urban junior high school. Achlevement-was measured by the Scientific
- Observation and Comparison Skill Test — Twig or Algae Forms developed
, by H.'R. Hungerford of Southerr Illinois University. With a multi-. ,
linear regression procedure for data analysis, Tomera showed that Bkills
are well retafned at the end of a year. The duration of this refention
".did not seem to be ‘a function of the length of the training period
With these results it is not surprising that spaced reviewy, a tréatment

" ..t ¥hich ‘she tried, provided no additiona1 gain in retention.

-

In connecétion:with the Tomera study it is of- interest to note that
Knapp (140), }i'also worked .with Hungerford, examined the transfer of.
classification skills by prospective elementary teachers. He asked
whether training on classification with cne category of materials

_facilitated learning to classify a different set of materialsﬂi .Knapp
, ‘provided training:yith twigs and found a significant transfér of learn-
ing when students were tested on the algae form of Hungerford's test.c
Students learned to classify algae more rapidly as ‘a result of the_ twig

‘experience. ’ . . :

. , 4 .

L. Allen (9, 10). found that five percent of the variance in- achieve-
ment between SCIS and non-SCIS students could be attributed to the SCIS

- program as could two percent of the motivation variance. This study

. which appeared in the Journal of Research in Science Teaching, Vol. 10,

No. 2, also came out with a different~title, a ghift in table format in

Science Education, Vol. 57, No. 2. Essentlally Table VII in JORST is

a condensation of Tables V throug VIII in Science Education.

Scott (237) became intere ed in whether students who had had .
“several years of exposure ‘to a version of- Suchman's inquiry "training
program in elementary and junior high school developed and maintained
‘a more- analytic style than did a matched sample who had had science
but had not had this training. He found 26 high school seniors who had
experlenced the training in eleméntary and junior high school. They ..
did exhibit ‘more analytic behaviors.-. ) :

‘What is especilally desirable in the analytic mode? In contrast
to global modes of thinking, the analytical style apparently contributes
to overall achievement and may be especially helpful in chemistry.
Scott's study suggested that students can Jbe taught to acquire a par-
ticular style of inquiry. What remains to be determined 1s how that
- style influences the way students function in different disciplines.

One study may be worth mentioning in the context of'students with
learning problems. Gilbert (86) applied four different readability
formulae to basic elementary science text books: the Spache, Dale~
Chall, Lorge, and Fry. -Each gave slightly different results, but
generally Gilbert reported that' the tendency was for science books to
be slightly more difficult in reading level than they ought to be“
according to the formulae.  We'must be aware, of course, that the

<
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"of -the group doing more experiments.

studénts can {learn to criterion level the cardio~-pulmonary resuscitation o

ductive. A pre-post group design whgre‘each,sﬁbject is a control on N

sequences would producelmore.learningﬂan&—fcun&“ﬁﬁ“diff@féﬁEés. Here ‘ “

" determine what mathematical competencies they require, Malpas (171)

?developmental stage of the majority of studegts[i

:bcﬁool to improve performance in chemistryfby concentrating on basic -

o i » I3 . & B

) L ’ - 29 -
special terminology of science tends to inflate these formiila results.
The readability formulide were developed for general rather than for o

.

‘technical reading. Nevertheless,‘the warning is there for fieople who -
_ prepare instructional midterials ip science. ’ T

I

- Grosmark (93) sought to determine how mére laboratory work in high
school chemistry influenced achievement, laboratory skills and attitudes,
The. additibnal experiments were in some Trespects redundant and students
performed them during free time.. There were no differences in attitudes
or achievement but there was a difference in laboratory skills in favor

Vanderschmidt (288) &emonstrated that éighth and eleventh grade

curriculum, ey needed more mannikin practice than they normafl get
in that program and also mneméhic devices in the practice protocol\for
compressions to establish rhythm. - . \Q

Casé and Fry‘ (48) showed that l4-year olds who participated in a
critical thinking program which emphasized experimental design and ~o_
evaluation of inferences did better than a 'matched group which had no- -
training. Students who were in a pre-formal operations stage of develop-
ment - learned to design experiments and to critize designs. This dzsign
which puts a training condition against no training is rather unpro-

himself .would yield more information.

v

In zoblgg&, Morrison (190) asked which of three instruetional "
we infer again that;, within rather wide margins, the learner imposes'
his own organization on the content to be learned. T e

'
~

* In a comprehensive analysis of the Nuffield sclence courses to . -

found the following mathematics topics to be important: ratios, rates, §
proportions, graphs and formulae; meagurement and statigtical treat- . :
ment of data; and some geometry and trigonometry. He surmised that =~ . v
somé of the topics were introduced before students had achieved a,

Plagetian. developmental ievel that would allow them to grasp the con- = .
cepts. So here, as in studies described in the section on develop~- o
mental aspects of learning, we find ‘evidence that concepts may. be = .

being presented at a level of abstraction which is inappropriate t§ the

2-

. -

R. Denny (62) described an attempt of,teééheré from an inner city

ﬁq‘ ematical skills qeedéﬁ for chemistry. The study illustrated that N
tr: e—offs are involved. .On the ACS-NSTA High School Chemistry Tests
thedstudents showed improved performance on questions that required
%asﬁk mathematical skills, but this happened at the apparent’ experise . "
of it@?s relating to basic chemistry’concepts and skills.

\% . .

Bredderman (33) examined the relative impact of two‘mofivatidnal
sourceéson fifth and sixth graders' problem solving behavior in which
the tasky required them to learn to control variables. He compared

b4
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cognitive conflict condition with an externgl reinforcement condition:
His, three conditions consisted of: 1) training plus records, 2) training

o plus cognitive conflict, 3) no training. The purpose of the training

'wa to teach the 31 fifth and sixth graders who had a mean age of 11.8 ‘
years to control va~;a@les. Piaget- contends that the ability to control

. variables just wait until combinations, reversibility, scoring, etc,,

are in.the individual's repertoire.  Typically this meaps controlling
variables would normally not be well done until a person has reached the.
formal operations stage of development. Half of Breddéiman’'s group could

. not "learn to control wariables.  He found no’ difference "in performance

" outcomes between the cognitive conflict and external reinforcement, con-
ditions. He suggested, as Rowe did (231:Chapter 10), that external

' reinforcement may not be necessary in elementary science. It may even
block certain desired outcomes. :

With concern for, elemenﬂ&ry students' feelings about the relevance
of science to them as the motivation for her study, Feerst (77) presented
the GOPES program in two. wathto,lz intact classes. Ome group received
constant encouragement Tt lodk ot applications and examples of things
studied in situations outside the classroom. The other group had no
special stress given to the relevahce of what it was studying to con-
ditions outside the classroom. After five months, attitudes of both
groups toward the relévance of science were the same. The experimental
group, however, showed better retention. & :

[

Fisher (80) compared performance and attitudes of junior high
students in a traditional science class with tif¥e of students using
‘the Rand McNally curriculum, Interaction of Man and the Biosphere (IMB) .
With use of analysis of covariance procedure to compensate for non-
-random assignment: to classes, Fisher found that IMB won on achievement
and -reading and produced slightly betteﬁigatitudesx )

In a study of affective aspects of the ISCS Level T program,
Lauridson (152) used a pre-post design with a comparison group to
‘examine attitudes toward science, self- reliance, ranking of science .
compared with otherwsubjects and classroom environment. Since the enter-
ing -states of these variables may influence the final state after treat-
"ment and because they are probably not indeperident, Lauridson used a
discriminant analysis technique. We found that both the ISCS and non-
ISCS groups ranked science lower at the end of treatment. Both groups
improved somewhat in self-reliance. The non-ISCS group became more’
negative about-science as a vocation. The~ISCS group became more* posi-

; tive aboift the nature of science. What we cannot infer from the design

“5f Lauridson's study is whether the changes reported are largely
maturational. Is the shift in self—reliance geBerally characteristic
of this grade level anyway? . .

One goal of sciEnce instruction seems to be related to improving °
the understandings which students have about the scientific enterprise,
the way in which scientists work, and what is unique about sclence as
a socio-economic enterprise. Reis (220) developed two instructiondl
procedures meant to.nurture the growth of this goal. - For Physical
Science I students at Stanford he prepared two programs. In the first,
students functioned as a team of scientists to develop hypotheses and
perform experiments. The second program involved the students in visits

.
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_and’discussions‘%ith scientists and in the study df scientists' work.

) pnss—fail option and four received grades.’

. to changes in course involvement and study procedures.
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The two programs weré equally effective in attaining the objectives. )
Hall (98) gave one group ofi;education students 11 case histories.of
sclentists to read while the second group-got & ‘science taxt to read.

The experimental group. achieved higher scores on the Test og ‘Mipects

of Scientific Thinking (TAST) and on the sub-test which measured ability

. to draw conclusions. . .-

av - 'l
Vermaelen (290) found that participation in a high ‘school science !

course on a pass-fail ‘basis was not an-effective procedure for groducing
more positive attitudes concerninq\self, teacher, learning, and the
academic subject. Student attitudes” toward the grading option tended.-
to reflect the teachers’ attitudes. Gatta (83) tompared performance in
ight high school chemistry classes where four groups operated on the
Pasg-fall groups did Aess
well. There was an interaction between ability and treatment. High
ability studentg achieved more and had better attitudes in the conven-—
tional system. There was no effect of treatment on- mﬁddle and low .
ability groups on achievement or ‘attitudes. '

/. .

The Egelstons (71) were interested in whether Junior high school
students in general science and earth sciesce would accurately. predict
their own performance on tests. Ostensibly, self-evaluation could lead
They found that
self-appraisal methods can be-learned. Generally, higher abilitysstu—

dents made better predictions. This investigation raises some poten-

. tially interesting questions concerning the perceptions and reward o

histories of middle and poor performing students.

Himaya (109) found that students 'who scored at the close-minded
end of a dogmatism scale did not gain as much understanding of science,
and scientists (TOUS test) as did their open-minded counterparts.

Mullins and Perkins (193) exposed 34 students to an innovative ’
“16-unit college bioldgy program which placed emphasis on application
of biology to social problems and on ‘emotional as well as intellectual
growth. On the Personal Orientation Inventory, a measure of self-
actualization, there were significant positive changes on 9 of 12 scales
Greatest changes were in the shift to more inmner directedness and" to
acceptance of one's own agressivemess.” .

In a similar vein, K. Kuhn (151) used the Theoretical Orientation
(T0) scale of the Omnibus Personality Tnventory and found that. unless
instructors emphasize attitude. changes, none will occur. Exposure to
biology and psychedogy courses did not change TO scale means.

Schock (235) has suggested, as ,a result of a study of 28 high
‘school biology classes, that there may in ‘fact be a possible inverse
relation between cognitive and affective scores. Waldstein (293)
tesged the proposition that male high school students who exhibited
a large discrepancy between their‘self-concept and theix ideal self
wou1d§§ less able to apply principles of dynamics than would their
relatiVély less afflicted countérparts. Research by Ann Roe and
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B. T. Eiduson? on profiles of physical scientists provided the basis for
hypothesizing that the discrepandy score would be positively correlated °
¢ ~ with achievement in dynamics.” The hypothesis was not confirmed. * The
ability to- apply principles of dynamics was not a ‘function of the gap
between one's ideal seIf and current?self—concept. Apparently the de- S
bilitating anxiety and rigidness which often hampers performance of :
people with poor self—concepts was not operative here.‘ -
, Sears (238) measured the dffective changes in students who took
..part in an innovative engineering’ coursé. He measured changes in
- 1) student's perception of himself, 2) debilitating and facilitating
sgpxiety, 3) internally—oriented characteristics, 4) achievement moti-
vation, and3)iunderstanding of engineering function. For instruments
. he used ngdgi‘}\gemantic Diffeyential, the Rotter Internal - External '
. Locus of Control“Scale, Edwards Personal Preference Schedule. He com-
pared responses of the junior students in the sample with thosg of a
set of practicing engineers. The prerimental group moved toward a
more internal locus of control. . . ’
& .
& Gross (94) also sought to examine the affettive outcomes on students
of a courge in college genetics -in which the general aim was 'to impreVe -
scientific literacy. Students rated the learning environment as more
important than the course content. : » B2

- -
. - o
-

. "~ In an Environmental Action Program (EAP) at the University of Iowa, . :
Sheldon (244) found that students’ self-concept. scores impreved. Par- , ¢
ticipation in the EAP* yielded some changes on a social issied Qgtitude - ;“
survey.: ’ P

. . Other evaluation and curriculum ‘studies’ reviewed were by Auckland &
and Weatherup (16)., Bruschwig (40), DeBlanc (61), Joels (124), Krause ;?

- (148), Loc, (162), Miller (183) Ryder, (233) Snyder (257), and Yost ‘p
(307). |

Tcsts

- Years ago, shortly after PSSC physics appeared on the American .o
scene, Robert Heathlo, who was with Educatibnal Testing Service at the -
time, developed a pilot version of what he called a cognitive preference
test. Some students prefer abstract generalizations, Heath argued,
while others prefer fact or knowledge types of statements. Programs

B may differ in the development of preference for generalizations as
opposed to facts. At the time Heath constructi a number of physics
statements or problems and provided a 1list of possible responses.
Students were to, chocose from each set of’responses the one they pre- . ®
ferred. All statements concerning each situation were true but the
statements varied in their'level of, generality. He ‘thought. that one

X § =t ‘ - e B
N - .’ - ‘ . . © e ) . i ° ] y
. 9‘Ann Roe, Op.cit. = : i . .#f * )

10Robo§t W. Heath, "Currigulum, Co nition, and Educational Measurement,"

"Educational and Psychological M asurement, SSIV, No. 2, Summer, 1964,
pp. 240-241, R .
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way in which PSSCJ and indeed ‘what were then new science programs, dif-
fered from their predecessors lay in their emphasis on relationships and
‘P¥inciples rather than on facts. A cognitdve preference test would dis-
close whether, in fact, such.a difference isted. Unfortunately this
line of work was not pursued beyond the pfgg

it up some years later.

¥
t yenture until Marksll ook

a
1

. In'this review we are glad to report one more venture in the measure-
" ment of cognitive preference. Mandelare €172) constructed and examined
the psychometric properties of a general science cognitive preference
instrument. He also constructed an alternative form of the Marks Cogni-
‘tive Préference Test for high school chemistry His objective was to
produce a test that was easier to administer and that would be less time

Te vconsuming. In addition, Mandelare did what we wish more of the others

' whose ‘work is described in thie section had done, he performed & factor
analysis to determine the construct: validity for the four factors in-
corgorated in the test: memory (M), applicétion (A), principle ' (P),. ahd .
critisgl questioning (C). Since various aptitudes may be a faktor in
‘the” preference pattern, Mandelare also correlated, among other gptitudes,
verbal reasoning (VR), nuiperical ability (NA), . ab33§1f135= ations (AR),
with the preference measures: and the New -York State Exapdr {
chemistry. No clear principle (P) factor emerged but the first factor

siderable ,attention to this stidy because it’ seems a prodietive line of
inquiry and Mandelare has provided good guidance for people who are .
' interested in tRe construct validity of instruments that measure atti-
tudes and preferénge. , ,

Badaracco (20) developed an interesting .test procedure intended
to find student preference for various aspects of outdoor environmental
education. He used 12 cards’ which depicted “outdoor ‘environments. These
were shuffled and students then placed them in order of preference. He
used this modified sort technique with 328 students in grades 1:12 to
get comparative ratings. Mammals, birds, fish, Indians and geology were
the top five topics, in that order.

Seymour and Bingman (240) also sought to dévelop a "views and pref- |

erances” measure for use with tenth grade biology classes. This in-

* strument would measure the degree of implementation of an inquiry

approach.. Here the intent was to distinguish preférence for the inquiry

réle approach (IRA) and a non-IRA state of nature.: Student attitudes

toward social interactions, cognitive opérations, and teaching procedures

were taped in a Views and Preference.Measure. Seven hundred IRA and

520 non-IRA sgtudents (BSCS biology, standard text-laboratory approach) ..

took part in the walidation study. If others use this instrufient, e

recommend that they perform a fagtor analysis to determine whether “the -

inquiry,.role variables which it purports te measure do separate out into

identiffable c1usters or factors. When we suggest factor analysis, we

are implicitly raising questions concerning the Lconstruct validity of

the test which ought to be pursued.
_ . “ 1.

1Ronald L. Marks, "Differences in Learning Outcomes Between a New ‘and

a Traditional Chemistry Course,™” U. S. Department of Health, Education,

and Welfare Washington, D.C., October, 1966. »
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. Physics &ha&\did'eixher TOUS or SPI.' We would recommend

" R .. } _. | .

Skinner and Barcikowski (250) were obviously aware of such questions
when :they made a revision of the Reed Activities Check List which they
adminiscteredrto seventh and eighth graders. The Reed instrument measures :
interest in'bilology, earth science, ‘and- physical science. 'In a factor ot
analytic dpproach, they identified the-principal components, performed '

a varimax rotation Eb;g:five at a set of five factors which they labeled

"as follows: 1) passiv@g-earth science, 2) passive and active biology

(woodsy and birding), 3) active physical science (tinkering), 4) active
earth sciences, and 5) passive physical science. This revised instru-

“ ment, 1f it continues to show a clear faétor,sttucture,‘could.then‘be~ .
"used in a multiple regression procedure in studies Qtfch try to predict

success in general solence. :

-

. Pt N -
. Eugenia Koos (144) reported another in a series of tests developed
by the Mid-continent Regional Educational Laboratory (McREL) to measure
inquiry skills. This instrument was developed to measure outcomes of v
TOPIC 7 of Explorations in Biology (EIB). Psychometric properties of
the test which are generally sound are given in the appendices.
. ! , .

Leopold Klopfer (139) presented an' interesting paper at the 1973
meeting vof the National Association for Resea:cﬁ in Science Teaching
in which he desgribed a conceptual framework for constructing measures
of the affective aspects of science. He used a phenomena-behaviors . N
grid as a basis for generating items. : ot '

<o

M 4

, Adkenhead (5) described a test construction .procedure which he -
feels may be useful for people interested+in formative ‘evaluation. P\\ °
He gave the TOUS and the Sclence Process Jnventory (SPI) to 921 students
in Project ®#hysics before and at the conclusion of instruction. He
selected items that showed a significant shift from pre to post-test
and combined them into a single test. .Then Aikenhead examined some of -
64 students.  The new test had greater predictive validity Sor Project

‘ radditfonal -
step. The new ins€rument should be subjected-to factor analysis to
determine its underlying structure. Subscores on the factors which
might emerge cgu}d%then be used in a prediction of success procedure.

o

.the psychometric properties of the new instrument by givi::§ghe test to

2

Stetner (262) followed a sound procedure in developing a question-’

naire meant- to tag some science values held by high 'school senfors.

He used a factor analytic approach from which emerged seven fagtofb:

1} regard for human life, 2) pessimism, 3) cooperation with ndture,

4) concern for population, 5) personal responsibility for socletal
problems, 6) optimism, and 7) individual freedom. He eg ted rer
liagbility with data from two samples.. IF genergl hequqaﬁ that the
more science people had taken, the less neutral-they were on each of
the factors. :

Sister Agnes Sun (267) developed a multi-phased set of procédugesa
to get at student attitudes in a physical science course for pre-:
gservice teachers and-to relate these tbo the degree ofs implementation
of a particular kind‘of inmstruction. While the totality of the con-
ception is tp be praised (especially her attempt to relate variables
to each other), the tiny N of nine students in each of two treatment
conditions means that we can conclude nothing sbout the value of the
procedures at this point. . .

o o . ] R ) .
2R N : : '
. <~
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Two inveatigaiors produced instruments fchsigh on elementary schopl
- science. Toth (281) felt people need help’ in determining which. elementary
sctence program is most ‘1ikdly to meet their needs and goals. With this
in mind he developed a nine category self-assessment ingstrument. As
yet it has had little validation. Kaur (131) added another instrument ¢
to those reported in past years which attempt to measure process skills
of elementary children. As in most of the other instruments, observation
and classification were the processes assessed. The two instruments are
meant for use with grades one through three. Final versions of the test
were administered individually. Reliability of the observation measure
. was reported to range from .86 for gradé one to .94 for grade thrée.
Reliabilities on the classificatiofi instrument ranged from .59 for grade
one to .62 for grade three. Correlation between the two measures was
. .86, With this high a correlation between observation and classification,
~how much do we know about classification? We think'it is reasonable to
suggest that Kaur partial out the variance on the classification measure
which is due to gbservation and then examine what.is left. That re-
mainder, if any, may throw some light on classification as a procesg in
and of itself. .
In chemistry, Coley (54) reported that grades in a chemistry pre-
requisite course were better predictors of success in junior college:
general chémistry than was the Toledo Chemistry Placement Examination.
Penna (208) correlated I.Q., College Entrance Examination in Chemistry
"(CEEB), and the ACS-NSTA Forms, 1967 and 1969, for 30 students.- For
this small sample of studentg he found the correlation between these
' two national tests to be high, ° .

« Stokes (263) found in gollege _chemistry that students with lower
aptitudes ultimately performed better on the ACS-NSTA, Form 1967, if
they had short frequent tests. It made no difference to higher ability
students whether the tests were spaced over longer periods. The total
number of itéms responded to*under'sither condition was the same, only
the timing of administration differed. She reported that low abflity
students were more likely, in general, to make larger gains in chemistry
achievement, regardless of test spacing. It is possibke that” t she
' was reporting was a simple regression effect.? One interesting facet
of this study concerns the relation between test spacing and student
facilitating and debilitating anxiety as measured by the Alpert and Haber
Achievement Scale. Students tested under the conventional pattern
(longer intervals betyeen tests) demonstrated more situation specific
maladaptive anxiety. Drive for achievement was higher among students
tested more frequently.
[ . . - .
Tilford (276) thought that Negro students in a black college would
have different attitudes toward science than would white students so
he developed a 35-item instrument -to assess attitudes of blacks. Except
for items relating to the role of Negroes in sclence, whites and“btutks
responded in the same way.
Schofield (236) reported that:teachers in England encolrage stu-
dents to guess on tests and discussed the consequences of this advice
for the interpretation of test results. Selmes (239) reported on the
influence A-level biology has on attitudes to science. He contrasted
Nuffield and non-Nuffield A-level courses.

r
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Maddock (167) develdped and tested an instiument to measure atti-.
tudes of Papua New Guineans towards investigation, control, and manipu-
lation of natural phenomena. V@rsions were prepared in English, New
Guinep‘Pidgin; Enga and Hiri Notu‘laﬁguages. Reliability characteristics
were satisfactory. Maddock found that formal schooling was creating
an attitude gap between the young and the old. Science teachinf probably
contributed to more positive attitudes toward investigationm, control,
and manipulation than was the norm simong ther elders. The procedures for

‘constructing the various versions of the instrument might be instructive

£6r investigators Interested in multicultural anralysis.

.
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Why should physics enrollments over:the past five fgars be on a

- downward swing? This problem has bothered many people and provoked
. numerous -speculative articles, but not very much systematic investiga-

tion that has shed any light on the subject. Perhaps the wost interest-
ign possibility appears in a study by Bridgham (35) whio wondered whethex’
grading practices of physics teachers differed from grading practices
of other subject matter high school teachers. He found that a great
disparity existed bgtween physics and chemistry teachers' grades and
those of teachgrs of other subject matters.. He suggested that, within
limits, enrollment and grading practices may be connected. The dis-
position of physics and other science teachers to be hard graders, even

more so than mathematics teathers, warrants some examination.

Dietrich (66) also examined grading policies by ctmparing public
schools having high enrollments in physics with those showing low en-

. rollments. He obtained samples of students in two such schools "and

rouped them into four categories according to how their physics grades
compared with their sciencé grade point average and thelr overall grade
point average. He confirmed Bridgham's report that physics grading was
severe but could not attribute the difference in enrollment in the two
sampled schools to grading practices. ' : °

. In a general survey of the status of high school physics, Ivany,
et al. (120) found that, while enrollments in chemistry were beginning
to climb, such was not the case for physigs. These investigators also |
took one week teaching samples for four categories of physics teachers,
those doing PSSC, Harvard Project Physics, something they called modern-
traditional, and traditional in combination with pileces of new cur-
ricula. We may infer something about teaching style that could be
related to who enrolls in physics and why. Virtually all the teachers -
in their study, except those doing Harvard Project Physics, had high

_direct modés of teaching, They also found that the percentage of mon- '

_and Elliott (37). They found that most of the 1,1

college bound students in physics classes was extremely low. In short,
physics is not being made attractive to many students. In the course
of the study they interviewed teachers, counselors, and students. .
Students actually taking the courses had favorable attitudes toward
sdlence, and teacher background was better than expected. ¢

1 . ’
o One indication of the high school impact on decisions made by

students when they reach college can be gleaned frgﬁ a study by Brotm
8 gtudents in their
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college physics samplg took physics because it was required and not be-
cause they were intereésted in it. Generally, students who had more
favorable.responses toward their college physics courses were those who
had taken ghysics in, high school. Female representatiod in physics
courses 1s ridiculously low. They make the remark (37:54) that if more
social, political and historical areas of physics were treated perhaps

- more females would elect physica. However, they fail to indicate

whether their suggestion simply represents their conception of what
women would like to study or has some basis in the data-of their survey. -

. Pharrig (211) surveyed senior high school students in nine Connecti-'
cut high schogls and found that most of th;ae in physics classes’did
not elect it, they were scheduled into it.' -
It vould appﬁar then, that membership in phyaics classes results
largely frgm response to a dtaft. @
'Aikenhead (4) has gone off on a somewhat different tack. He
examined the ramifications of good qualitative feedback. He used the
MtNemar chi square item analysis procedure to identify areas of know-
ledge and- specific ideas for which students showed & significant increase
or decrease in, understanding over a period of instruction. Thus it ‘was
possible to develop feedback spécific to a project, a teacher, a stu-
dent. Project Physics students, in contrast to other physics students
in his study, appeared to exhibit better performance in values of
Bcience, sclence=goclety interaction, science tactics, and function of
sclence. —~—

If certain courses de attain a reputation such that the students

" come to value science and to see its pertinence to gociety, perhaps

enrollment in physics would increase. We do not seem to have any in-
dication as to which courses over time prove most attractive to student
clients. In short, beside the grading practice it may be that the con-
tent and the mode of presentation all go to-influence the student
"mystique" concerning physics. “Hockey (111) in his analysis of the
Nuffield Physical Science Project concluded that student involvement

. in individual projects appeared to be a positive factor in the Nuffield

program. , -

In an attempt to find out what 1g involved in learning and remem-
bering physics, Shavelson (241) gave #ptitude and word assoclation .
éesLS, in addition.to a pré‘test, to a=

oup of 28 male students who
eceived physics instruction. Twelve cgntrols got all the tests but

no instruction. He fzgﬁd that abstract reasoning ability predicted
final scores after fivé two-hour physi/cs sessions but not pre-test
scores. What would account for this difference? Shavelson surmised
that students who performed well .on /is post test probably got the
relevant concepts early in the instrjiction. If such were the case,
th&seustudents ‘'would have more oppoytunity for rehearsal and application
of'the concepts. Succeeding ideas resented by the teacher would be
relatively less novel.

It may be that physics concepts, being as heavily loaded with
connections _to other*ideas as they are, present some rather unique
learning problems that ought to pe stiudied in more depth. Norwood

o
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.Russell Hansonl2 in Patterns of Discovery refers to physics terms or -0
concepts as being heavily theory-laden. Thus, what we may be trying to
do without knowing how ig to teach a complex of relationships connected
with each major eomeept. In contrast to less highly integrated dis-
ciplines, these networks of relationships accumulate in successively
more comﬂlex patterns. We do not know how to help people enter that
petwork., A fey people do it naturally, but thé rest will continue to
suffer until we understand more about the nature of learfiing in _dif-
ferent subject matter areas. ° »J

For schools and colleges out to save money and perhaps. time,
Kemper's (136) comparison of semi-automated apd traditional laforatories
merits some attention. ' $tudents in both groups did equally well on
measures *of achievemen?,and quality of laboratory reports.

Lerch (159) found that college students who took part in what he
called-divergent laboratory experiences in physics met more of the ob-
jectives outlined by the Commissio?non College Physics than did those
in what was presumably a traditionally convergent laboratory. He
falled to find out which kind of laboratory nurtured a taste for physics
in what kinds of students.

A

From his study of college students enrolled-in.a physics @equence, ",
for non-majors, Spoeti (258) found that major themes such as symmetry
and conservation appeared to produce desirable achlevement. In this

approach he concurred with the staff of the Conceptually Ofiepted Pro-
gram in Elementary Science (COPES) o

In the United States it appears that we have a falrly well trained
corps of physics teachers who like to teach in the high direct mode
and who give low grades. For students they have college bound types,
most -of whom are in the course by necessity rather than by choice. /)
According to the Ivany et al. (120) survey, teachers present both classi-
cal physics and the development of theoretical models. Physics p¥o--
grams developed with government subsidy are falrly widely dieseminated

' In Australia where PSSC has had considerable dissemination, the

picture appears to be similar [Gardner (82), Goodwin (89), MacKay (165)].

~ The tenor of these,fiports generally suggests that the introduction of
this new curriculum has produced some ohanges -in the way teachers con-
duct instruction. However, the laboratory facets of PSSC are not &o b
well incorporated as the authors would wish. Goodwin (89) reported
that there is a core set of topics and then electives which teachers
can use in physics.‘ Teachers usually choose electives that build on
the core and thus increase the chances that students.wlll passa the
state examinations. JIn doing their planning for physics instruction,
colléges can only assume the core set of units.

. In the United States, Elizabeth Wood (301) suggested that the
National Assessment Examination be used as a pre-~test in physics so
that teachers will know what they have to teach. - The examination '

-

12Norwood Russell Hanson, Patterns of Discovery, Cambridge University
Press, New Rochelle, New York, 1961. .
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asses; es knowleﬂge of facts and principles, processes of science, nature

of science, attitudes toward science and scientists.
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Science and the Handicapped . ' . .

“ .o

In this section we discuSS the relation of education in &cience to
two groups of children with physical deficits, the deaf and the blind,
and to a third group of students, those who come from aocioeconomic
circumstances that appear to have handicapping consequences as far as

¢ school performance goes. '

Boyd and George (30) found that in‘a ten-week period deaf childreh.’
- (ages 10-13) could learn to categorize pb
erties., The children who took part in
the SCIS and SAPA elementary science prjfframs: improqu substantially
their ability to categorize. This is contrast to what has been -the
case ‘for many normal gropps ‘which do especlally benefit from the
early categorizing activities that characterize nany’ of the modern
elementary sclence programs. Presumably children who are physically "
normal learn categorizing behaviots through sources other than science.
The fact that the 26 children in this study have reached 10-13 years of
age without acquiring skills normally ih the repertoire by 8-9 years
suggests an experiential deficit. :

Linn and Peterson (160) used SCIS materials to teach classification

§ skills to visually impaired students as well as to what they called
culturally diverse and middle class groups. Controls received no in-
gtruction. Both the visually impaired and the culturally diverse per-
formed better after instruction than did the controls but the middle
class group did not. Although in this study there is no indication
that groups,were equated on age or aptitude, we nevertheless learn two
things. If children do not know something, they can be taught it; and
if they already know the material there is not much point in teaching
it to them. SCIS personnel have worked closely with a school district
in San Jose, California to adapt the materials of SCIS for use by
visually impaired elementary students.

v, .

Nancy T. Long (163) ‘tried SCIS materials adapted for the blind

with 14 students in Washington, D.C,, who ranged in age from 9 to 19.

. A matched group of controls drawn from San Francisco schools had what—

* ever sclence program was offered there. The experimental group per-*
formed at a higher level on three tests: Histograms, Systems and Inter— -«
action, and Science- Learning. Since these‘'three tests are rather J
specific to the content of the SCIS program and since the kind of
sclerce, if any, received by.the controls is not described, this study
fails to tell ys much more than that visually handicapped students can
learn SCIS content. Had the controls been in classes where SCIS was
being taught then we might at least know how much the adaptations of
equipment‘for the blind helped them to learn.

From the one study on the deaf and two on the blind we infer that
such students can learn some simple science. . We also infer that direct
manipulative experience given much earlier in the development of handi-
capped children might help to reduce the magnitude of the deficits in
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performance which handicapped ‘students often exhibit. 1In a separate
article published. earlier (1972) Linnl3 reported that blind children
using SCIS made substantial gains in attaining both process and content
ijectives.

o

. «
Y « - -

We suggest that careful clinical-type studies of how blind and/
or deaf children learn science could cast some light on the learning
~ *s ,”“pfocesses &f pliysically normal children as well. ) , .
. \ - Rowe (231) suggested that some ghetto children could be thought of
: as functionally deaf if they were markedly deficient in the language
used for communication in schools. Words without meaning fall on deaf
ears (Chapters 5, 12 and 13). The highly manipulative nature of ele- -
mentary sclence programs might be the means for bridging the communication -
gap, 1f indeed one exists.  Cooper (57), for example, found that Latin
American students enrolled in physics at the University of Texas achieved’
higher scores when taught in Spanish than when taught in Engligh. He
also. found that a good deal of English could be introduced without im-
pairing achievement in physics.
Kral (146) introduced ESS (Elementary Science Study) units as a
supplemental science program to his experimental group and provided a
placebo consisting of films, current events and discussions to his con~-.
trol group. He found that both Indian and non-Indian students in the
experimental group scored higher on the standard achievement test than
N did their control counterparts. Students from higher socio—economic .
backgrounds benefited more than did those clasgified as low socio- ~
economics Non-Indians scored higher than did Indians. Had Kral used
, a multiple regression procedure, we might have learned how much* vari-
ance on .the achievement measure was.contributed by each of the back-
! ground variables. Such information would have much more diagnostic .
use than the set of 2 x 2 factorials he employed to compare groups.
JIn an interesting pilpt venture, Elizabeth Wood (302) rewrote two
exercises from the National Assessment pool of items and tried them
out with both inner city and affluent ‘groups. She found that the pat-’
terns of answers were influenced by the® form of the ‘questions. She
also suggested that items could be set up in such a way as to yield
more diagnostic information? While the size of her sample was too
small to make any generalizations, there is at least a suggestion in
ot this study that National Assessment items may be stated in a way that
helps one group more than another. ' U
In a neatly designed investigation, Huff and Languis (118) showed
that exposure to SAPA, Part A, improved the oral communication skills
of’ disadvantaged kindergartners. e early levels of modern science-
“prdgrams put emphasis on classification. Disadvantaged children ap-
parently benefit from, this experience but middle class children usually
' . already can classify and show no distiﬂctive gains.

' > , . -
)
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13\arcia C. Linn, "An Experiential Science Curriculum for the Visually |
Impaired," Exceptional Childremn, Vol. 39, No. 1, Septembery, 1972,
pp. 37-43.
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* Riechard -(224) used a regression procedure to relate variables of
inner urban, outer urban and rural farm kindergartners to, performance
on a Life Science Concept Acquisition Test, I.Q. and chromological age
were the,best academic predictors while the mother's years of schooling
was the best socio-ciltural predictor. Time and change concepts were a.
big source of variation. In this study as in others, we find that know-
ledge of non-disciplinary concepts such as "opposite, under, before,
_different; change” are keys to performance. .
Johnson (125) did a somewhat similar study in which he related the
categorizing performance of high and low soclo-economic status kinder-
gartners tq background variables. The poor did not perform as well and
- exhibited more ﬁerceptua;VFOminance in thelr categorizing processes.. ,

Case “and -Fry (48) found that low socilo-economic 14 year olds gould
learn to design and conduct experiments and to evaluate outcomes if
they were given the chance. Using 3 demonstration interview technique,
Donaldson (67) examined 64 Headstart kindergartners and nursery school
boys and girls (half of whom were black) regarding their understanding
of rockets, seeds, human growth, evaporation and electricity. She -
“"found no -differences between racgs but significant differences between
members of different socio-economic status. Again-we seem to see evi-
dence .of a deficit stemming from the envirpmment. However, we cannot
be engirely comfortable with this interpretatiom because’ she reportedf'
that Boys did better than girls. This raises a quéhtioq: is the effect
‘of differential cultural‘conditibning of the sexes equivalent to forcing
a deficit environment on one of the sexes? Donaldson also made some
interesting observations on the non-verbal behavior of the children.
Rockets provoked more non-verbal expressioﬂ than did other topics. The
children in her sample knew most about/electricity and least about
. evaporation. . T :
Ayers and Ayers (18) studied the {impact of SAPA'on the rate at
. which 20 Appalachian kindergartners acquired conmservation of numbers,
liquid, volume, solids, lengths, weight and arga. Since their 20 con-
_trols who were ndg exposed to SAPA had not developed as extensive con-—
servation behavidr, they concluded that the rate of attainment was in-
fluenced by the program. -

David Allen (8) evaluated a program at the Franklin Institute in
* Philadelphia where students from pairs of gchools having different

racial and soclo-economic backgrounds learned science tpgether one day
a week. Thirty schools participated. .He examined student interactions,
did sociometric studies, gave achievement tests and semantic differen-
tials. In some cases parents participated. There.was a general in-
crease in sensitivity to .environmental problems but not much evidence
that the mixing of students in this kind of science setting for only
six days did much for ®tudent attitudes.

Acting on the assumption that the out-of-schogl science interest
of children might form a basis, for building a school program, Matchanikal
(175) sought to discover the preference patterns by sex and by race of
pupils in grades seven and eight. On the interest inventory, principal
component analysis followed by varimax rotation led to the identifica-
tion of pine independent’factors: academic, nature study, mechanical

i
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' - Rowe (230) reported in a symposium on women and science held at the

hobby, biology experiment, drugs, cosmology, environmental, and high -
verbal. Whites, Matchanikal noted, preferred activities inspired by ® =,
inquiry and experimentation. Blacks preferred the more trxaditional . :
academic types of‘ectivities. He noted that expected lowdr interest of

girls simply did not oecur. Girls expressed a high degree of partici—

pation. A few traditionally sex-associited interests were reversed in

this study. ¥ : =,

s !

v

« Shipe (£Z7) concluded in his study that non-college bound students
f%g .Connecticut did not adequately learn the major ideas in biology.
hith I.Q. controlled he reported that students in traditional as com-
pared with BSCS biology were more likely to catch the big ideas. Males
were more likely toilearn what he called "princepts" than were females.

. s

In an examiuation of individual problem solving behavior, 1Bert
(86) found that boys in both low and middle socio-economic groups at-
tempted to explore more alternatives than did girls. JMore of the ’ <
disadvantaged children seemed to be frightened and frustrated by the
task which consisted®of retrieving a plece of candy visible under four | N
stacked concrete blockg. Here we again find ourselves coming to the n ‘
conclusion that the group of children who most need science ip the early
years-of school are the soclo—economic and culturally handicapped.

international science convention in Mexico City in June of 1973, that v

+girls who had taken part in SCIS for several years performed with, science °. |
‘materials in the same manner as did boys. She also interviewed 12 female |
graduating seniors with majors in physical sciences to determine what |
difficulties they encountered as minority members of their departments.

All 12 had jobs in industry. and were interviewed separately. All 12

* described protracted jibing behavior from teaching assistants as well as

from certain professors. Possibly the more difficult slashes came from
their sorority classmates who constantly charged thHem*with being in ;
physical sclence because it was a good place to catch a man. All 12 eaid
that the cumulative impact was to force them to becote more self-reliant,
‘to ask fewer questions, and to find their own solutions to problems.

Jackson (121) studied seven predominantly black colleges\to find
out what instftutional characteristics affect learning outcomes of
prospective science teachers. She reported that the quality of teach-
ing and faculty—student relationships as well as student perception of
the level of scholarship demanded related to performance.

We then come to conclude that children from minority groups seem
to benefit from intervention programs; females perform as though they
come from a handicapped group. Clearly we need more careful diagnostic
amsessment to learn how best to help children in Lhese groups. Possibly
the part which institutional expectation fdr performance plays also
ought to be examined.
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Education, Characteristics and‘Behaviors of Teaghets- .

-

education has more than doubled since llast year. The 60 or more studies
reviewved fall into clusters. In the teacher education group, ten ap-
praised the effects of special projects such as Academic Year Institutes
and School-College @ooperatives (both NSF funded categories of inservice
_education) on teacher behavior or attitudes. .o

The number of studies devoted to~§§search on teachers and their

The second group of igx&stigatio;s focuged on personality, roles,
and/or behaviors of teachers. Approximately 15 studies examined the
relation of teacher behavior to student achievement. Many of these
utilized classroom interaction observations to analyze teacher and pupil
communication. Another cluster focused on affective aspects of the
teaching process. T

_ . c .

Teacher Education ‘ : . .

) While many of the studies reviewed lack some rigor, they do suggest
that novel training experiences produce some changes in teacher percep-
tions of pne kind or another. Unfortunately, they do not show us '
whether these are temporary perturbations or how action in the class-

" room relates to a particular set of attitudes or perceptionms. Neither
do they indicate what ingredients in the training might account for
specified changes. This kind of analysis, even post-hoc, might eventu-
ally help us uncover some persistent patterns. ' )

Six studies which explored the impact of NSF institutes on partiéi—
pants, are reviewed first. * :

Berger (27) aftempted to distinguish between the impact of train-
ing and the impact of experience on teachers' role perceptions. He
" identified four groups: 1) teachers not exposed to SCIS, 2) teachers
not exposed but béginning an institute, 3) teachers who completed a
two or four week institute, and 4) teachers who completed a four week
' SCIS institute and had one year experience teaching the SCIS curriculum.
Responses on. the Predicted Role Measure (PRM) were categorized into a
teacher-oriented cluster, a student-teacher cooperation cluster or a
student-oriented cluster. :

. Multivariate analysis revealeﬂgho significant differences on PRM

- gcores between the no-SCIS imstruction group and the pre-SCIS instruc-
tion group. Multiple contﬁasts intervals indicated that the signifi-
cant differences found betWeen pre-institute (1 and 2) past insti-
tute groups (3 and 4) were largely due to the teacher-oriénted cluster.
Teachers with one year's experience teaching SCIS responded on the PMR
in the same way as those teachers with SCIS training but with no SCIS
teaching experience. In other words, the SCIS-exposed groups differed
from the no-SCIS groups, but the contribution of experience to the
response scores on the PMR appeared to be minimal.

Bridges et al. (34) evaluated the Cobperative'College—School
Science Improvement Program to prepare teachers to teach the DISCUS
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program. (The DISCUS prokram is a junitor science curriculum designed

for and taught to underachievers in Duval County, Florida.) The treat-

ment group of students demonstrated a better understarnding of science -

and showed improved science achievement. The purpose of this study

wgs.to show that these effects were not due to treatment alone but were

a Yesult «of treatment plus teacher training in the CCSS program. Trained
: teacgggs compared to non~trained teachers provided more student involve-
ment ,less. external discipline control and more student-centered instruc-—

tion. 'Additionally, trained teachers lectured less and used signifi-

cantly more concrete image provoking behavior than did non-trained
~teachers. ’ '

Two other studies evaluated the effectiveness of NSF-funded Co-
operative College-School Science Programs. “In a pretest —~ posttest
design, Pempek and Blick (207) found the project beneficial in changing
elementary science teachers' attitudes, particularly thoseé with weak
-s8cience backgrounds. The Pempek Teacher Behavior Check List assessed - 9

#.change in classroom behavior.as viewed by tle student while the Pempek
Teacher Attitude Scale meagured attitudes tqward science, science teach—
ing and the scientist, Pempek and Blick sought to connect teacher at-
titudes with teacher behavior, a laudable objective. Although a
significant change in attitudes apparently took place, no significant
change in teaching .did. They speak of a positive but qpn-significaﬂt
change in teacher classroom behavior. A statistically non-significant
change is non-gignificant, regardless of its direction. In other words,
the change which they report as positive simply has no meaning in this
context. . ~ , . : oy

@ . .

In contragt.to the Pempek and Blick gtudy where attitude changes

“were not accompanied by classroom behavior changes, Smith and Smith
(255)«reported that teacher self-assessment was correlated with studént

perceptionps in'a pretest - posttest, control design. Project teachers
experienced significant change in‘Pheir pg;ception of science ingtruc-
tion and their students perceived a changé whikh was greater than that
pexceived by the control group students. Thus, we have some‘“evidence
of transmission of training into the classroom context. -,
Two descriptive dissertations by Macon (166), in Nérth Carolina,
and Dyche (69), in Montana, examined the impact of AYI programs on "
participant characteristics. Macon simply characterized the teachers
before<and after institute training. From information on registration
forms and questionnaires, he concluded that the AYI experience in-
fluenced participants to increase mobility, leadexrship roles and pro-
fessional activities and status. Conclusions of this nature are some-~
what unwarranted as there are no means of determining whether partici-
pants had already entered:into a period of transition prior to the
ingtitute or whether their aspirations chanped as .a result of the
£xperience. N

Dyche (69), in a better designed study, used a contxrol group in
a follow-up study of participants. Data from a questionnaire disclosed
that institute teachers versus their non-institute counterparts spent,
more time In laboratory investigation, changed to an inquiry philosophy
and made greater use of BSCS materials. The institute ﬁarticipantg
also read more scientific journals and gained new insights into-teaching
as a result of associating with other AY; participants.

. 3
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i'-Other project-associated research resulted in an érray of outcomes.
Orgren (204) compared teacher strategies employing the New York State
Regents'traditional®gyllabus -and the new 1970 revised Earth Science
Syllabus. Using a two-way (group x time) factorial *design, Ofgren found
that teachers who opted to’ continue with the old syllabus differed sig-
nificantly from those who volunteered gd switch to the new syllabuis and
from thase who'had prior experience with the new gyllabus in respect to
. teacher strategies, teacher educational opinion, student achievement and
studént process performance. When all switched to'the new syllabus,
there were no significant group differences in student achievement gains.
It is interesting:to speculate as to why these different entering atti-
” tudes of teachers nevertheless failed to proauce.differences in the per-
formance of studentg.  Moreover the students' ability to employ the .
processes of science did not improve through exposure to the new syllabus.

'1“}40 separate studies by Milson (185) and _Z\’lxhase.(ll\)- also _revealed

_ that teacher behavior and attitude could be modified by inservice courses.,

Milson looked for attitude changes in gsecondary sclence teachers as a

result of & short course on environmental quality. Statistical analysis

of questionnaires indicated a significant change in teacher responses to
- items relating to environmental Attitudes and environmmen management.

Unfortunately he failed to find out whether the teacher titude changes

he obtained resulted in any difference in. classroom content introduced
or in methods of instruction used by the participants. ‘

- 'J' Almase (11) assessed the effects of a six weeks inservice biology.
: .methods course in Cebu, Phillipines. 1In this inservice project the
objective was ;to modify teacher beha%io: in the direction of more stu-
dent involvement. Here we meet an interesting problem in predictionm.
Which of two performances on the Teaching Situation Reaction Test better
N predicts what a teacher will do in the classroom? This test proved to
.be a poor predictor of teacher shift toward indirectness. The Processes
of Science Test was a better predictor for change toWard a process ¢
- orientation. '
: : ? :

- In a pretest - pobttest matched-pairs design meant to influence
career decisions, Conradson (%6) explored the effect of actual class-
room experience on attitudes of prospéctive teachers. “The-experimental
group spent three hours per week for twelve weeks with a mdster teacher.
Thirty-two matched pairs finished the experiment. Classr@om experience
apparently made an impact. Members of the experimental. group gained
a realistic view of teaching. She also found careex decisions were in-
dependent of age, sex, class, or grade point average.

A few researchers investigated the effect of different imstruc*
tional strategies on teacher attitudes toward sclence and science
. teaching. ' One such study by Mitchell (186) compared three groups.. -
Two of these were instructed in the didactic approach and one, the ex-
perimental group, received instruction degigned to affect attitudes’
and perceptions toward science teaghing. The author repbérted that
trends in the data seemed tg indicate that the experimental group
a responded positively to instruments measuring the inquiry approach,
teacher-pupil rapport and interest in science. However, the dif- R
ferences were not significant, so .the direction of the trends can have

no meaning at this point. R .
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' » i a similar study Kennedy (137), using a.one group pretest—post-

, competencies and preserv:

\ ©

- to be aecided by fiat.,

test design, focused on differences in attitudes of preservice teachers
who received process approach instruction. Differences in pretest--
posttest scores indicated process approach.instruction effected ¢hanges
in attitpde toward science instruction in a positive way. Again, it
_would be nice to know how these changes in attitudes correspond to -
teacher behavior.

12
-
.

Sabutéo (234) was also interested in ‘the effect of process approach
instruction forgdeveloping attitudes and competencies in Cebu, Philli-
pines. Upon completion of the physical science course, Sabulao found

.significant improvement in competencies of prospective teachers, but no
‘significant improvement in their attitude toward teacher—pupil relations.

- A "

Pizzini (214) analyzed the effect of the Iowa-Upstep I & II pro—
grams and found them to be effective in contributing to positive growth
-in self—concept, science te@achifig philosophy and attitudes toward edu-
catignal concepts. '

#

~

RN

In a correlational study, Kuhn (150) found that students with

‘ higher grade point averagesﬁgenerally ‘excelled in science teaching com- . ‘{aﬁ

petencies. : Positive correlations also existed between set induction

Bcience teachers attitudes toward science. N

<‘. . Of the remaining studies in teacher education, several propose E )
programs for teacher training.' Reports of this nature do not tech-

- nically qualify as research. Typically the procedures for deciding

.what should be included in such programs come either from *curriculum
guidelines or from surveys of experienced teachers or occasiona11y<\Eenp

< e
(] .
v

' ThrOpgh a survey of 52 classroom biology teachers, Beisenherz and
Probst (26)- identified 154 techniques and skills to be incorporated
into a ‘preservice and inservice program for biplogy teachers. Subse-
quently, ‘they organized a technique and skills course that could be . :
pursued in an individual format. ,

T
In two studies Qutub (216) and Wall and Qutub (296) surveyed

academic preparation of earth science teachers in Massachusetts and .
Wisconsin. As is almost always the case in such surveys, they decleved

o

that preparation was inadequate and recommended changes. . . .

Youngpeter (306) examined the role of science museums in elementary
teacher education. As a result of the investigation he prepared a
chqcklist as a guide for people who want to set up a museum orto | g .
evaluate ,an exiéiﬁng one. _ . -

Five .other reports fall in this general category: Phung (213)
prepared a program for training secondary school biology teachers in
the Mekong Delta Region of Vietnam; Thollairthil <«(273) analyzed and
evaluated science teaching in Nigerian schools; Dixie J. Jones (126)

' evaluated secondary education prograps at the University of New Mexico;

Gary Bates (25) developed a sequence of films, "The Classroom Vignettes,”
for teacher training, and C. T. Abraham (2) studied thé NSTA Book
Review Program. "

(2]

9
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Teache} Verbal Characteristics - -

- . The second category 3¥ reseéarch concerning the.teachérvdéﬁls
- specifically with how teacher cha:gcteristics influence student outcomes.
) A 1arge part of -these investigated teacher behavioral strategies and
Cstyles.:> . e hep ™ : » ¢ . . .
" Do e, » , »

\ Several studies examined teacher verbal behavior and its impact on .
student  responses and, achlevement. Exemplary of this type atre disser- *
tations by Aagaard (1), Novak (200), 5ndersoh,(13),,gnd'Cbasas 49). .
. agaard's (1) primary interest lay in the *effect of oral question-
“# ing of 14 high school chemistry teachers on student achievement. Four
teachers taught in the expository.mode and tén in an inhuiry mode. Of
the latter, fivé used cognitive memory questiowWs and six used high
level questions. Analysis of variance and multiple regression techniques
revealed that, with I.Q. partialed out, high-Jevel questioning techniques

.. resulted in significantly higher achlevement.: : ‘ .
N . v

i Babikian (19) related teacher question pat erns in 8th grade sci-
ence to student performance. Two methods, one which the teacher
. agked and answered questjons with students takin notes, and one where
" v teachers asked questions, gave partial answers and students filled in
the rest, were compared. Children played a more active role in the
second method and also demonstrated higher achievement. ™ e .
- - . .

"In a study of teacher questioning behavior by Arnold et al. (14),
lapse time or pause behavior between teacher-student exchanges averdged
two seconds rather than one as reported by Rowe (231). They found, as
she did, that whether the questions were complex or simple, the mean .
pausing time seemed to be the same. Additionally théy found that quesf'

- . tilons of a specific level elicited responses of a similar nature. -

IR

L8 g . i

In work which is consistent with the results of wait-time studies
reported by Rowe,' John Novak {(200)- focused on' the effect of timed -*
. student responses on teacher behavior as examined by audiotape:. Sta-
® ' tistical resultsgindicate that timed responses changed teacher behavior
significantly in the direction of less teacher talk and lecture. Novak
reported no problem with students giving accurate timed responses which
in turn resulted in more overt student involvement in the classroom.

In another study which involved silence as a variable, Andérson .-
(13) found that this factor related significantly to all his outcome
" .. variables: namely, scores on The Minnesota Tést of Creativity, Metro--
politan Achievement Test and Test Your Imagination weasures. He . «
‘examined the, relationship between measures of classroom vefgalrinter— ‘
action and measures of divergent thougpt and problem solving', Based
on.scoreé on the ?uﬁil Attitude Inventory, ten high, ten middle, and
ten low classes were selected for study. | Observations were collggted -
using Flander's interaction system. From this, four instructional
variables were' defined: pupil-initiated talk Mesh, PIM; pupil-directed
. talk Mesh, PDM; IDEAS defined as the frequency of teacher talk en- ,
couraging and expandiné’students ideas; and the ratio of silence to .
silence-plus—confifion (IOR), PIM and IDEAS contributed to scores on
the creative per ance measure. Anderson concluded that the use of
.o : '
. - L : ) - N N
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"discussion with broad questions, and discussion with narrow qpestions. ' “

a8 . .

pupil initiated ideaa, tedcher talk (IDEASY and the use of ailence and
seat'work facilitated bpth academic and creative performance.

Another intcresting dissertation employing systematic obaervation
of classroom-teacher interaction was done by Yoeh (305) who explored
the effect of clasg-teacher behayior associated with televise& science
instxuction. He ordered classroom behavior into six-levgls of cognitive
content and flve levels of affe¢ctive content. There was a strong indi~

’

" cation that students'’ performance on a criterion: teat .was related to

teacher skills in use 'of questions: and reinforcement of cognitive re- -
sponses. In this study, which shows some effect of attitudes on behavior,
Yoeh found that teachers who strongly integrated T.V. science with class-
room science had.classes which performed significantly better on achieve-
ment tests than had teachets who did not favor T.V. instruction.

Sister Chasas (49) also examined the relationghip between teachexr~
student verbal Interpction and critical thinking abilities using
Flander's observation system. - The study population consisted of 12 |
Puerto Rican college biology classes. All measuring 4instruments were A
translated into Spanish. The types of interaction included lecture,

The Watson-Glaser Critical Thinking Appraisal and the Nelson Biology "
Test were outcome measures. She found no significant relationship
between critical thinking ability and teaching method. Adjusted mean
scores showed discussion with broad based questions to he slightly higher
than the othér methods. Lecture produced greater achievement than dis-
cussion with narrow questions: It would be interesting here to have
the number and typés of questions quantified. ‘
At other points'throughout this reyview as well as in earlier re-
views, the Watson-Glaser Test of Critical Thinking has appeared over
and over. Yet it rarely produces useful information for the short term
sitmation in which it is usually used. If the test measures a per®
sigstent quality., i:e., has trait characteristics, it is unwarranted in
the face of the multitude of evidence te expect it to be responsive to
short—~terp treatments. We see, for example, in the Chasas study, as
we might expect, the Nelson Blology Tést is sensitive to the treatment.’
In contrast td the W&”mpn—Glaser Test it has the quality of a state
variable. , ) s o

In high school chemistry and general 8cience classes, Wolfson_(BOO)
found that standard achlevement scores ‘were related to the teacher’s
indirect-direct ratio. Students of teachers rating high on indirect-
ness attaired higher achievement scores. ,

In an interesting experiment, Jacobs (122) utilized Flanders inter-
action as an observational learning experience under the pretense of
evaluating a program. Thirteen teachers were trained to record the
behaviors of master teachers:using a Flander's grid and ‘the Indicators
of Quality (1.0.Q. ) measufeg The master teachers were meant to serve
as models for the observers. Thirteen other teachers did not get this
experiencea Thé a1 behavior of both groups was then examined.
“Analysis of pre and post treatment audiotapes showed significant changes
in the ‘verbal behavior of the experimental group. Thiz 1s an exciting

study in all but one respect. Noticeably lacking is a reference to the

»
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theoretical framework upon which modeling is based. Although it is
essentialli .a study of observational learning or modeling as described

and others, there is no reference of the theoretical under- .
pinnings of the study. Lack of a conceptual model is the most prominent

_criticiem of the studies reviewed in the teacher section. )

@

In an interesting series of studies' of which the on(l reviewed here
ig ounly an aspect, Campbe}l (46) has elope&“a procedure for examining
the influence of chains of teachers Xéﬁ: rs. Campbell has developed
a technology for describing sequences of cljdins of teacher behaviors.
Events in a classroom arg not: discrete. Certain sequences of moves may e
be more productiver than others. Campbell has provided a means for a .
more'careful analysis of the teaching process. He, also, finds wait .
time,as an influential variable. This technique of macro-analysis al- '
lowed him to produce. further verificatfon of Rowe's work. Along with
Chalker’” he found that a population of junior high school teachers gave .
less response time to poor students. Chalker found that teachers who ' '

~rate higher on a dogmatism scale exhibit shorter pauses. _ .

Smith (254), who had developed a classroom observation instrument " s .
referenced specifically to the Earth Science Curriculum Projsct, studiéd
three "teachers each for two weeks to determine the extent of project R '
usage. This_technique,is potentially useful as a measure of degree gf .
project implementation. T s . s oo S

by g -

In evaluating a program it would be deéirable to have some measure v
of its degree of implementation before jumping to hasty conclusions
based on achievement or’other measures. Smith's instrument is onme
example of a device meant to be specific for a particular program. We

would eacourage the addition of similar measures to evaluate studies. . B

Van Alst (286) investigated the. effect of influencing teacher and-
student expectations on student achievement in high schoql biolggy.
Treatment consisted of one week's counseling of individual students by
guidance counselors and of teachers by researchers. No significant
differences were found in any variables, sex, ability level, etc.,
except possibly for the interaction of study ability x teacher ability
x ability level. Van Alst concluded that influencing expectations was
complex and difficult. However; one would hbt expect a one-shot coun-
seling session to be of wery great influence.

Vannan’(289) described responses of students in a graduate methods
course having to read and critique doctoral dissertations. Response
was favorable but students generally lacked background in experimental
tesign and statistical background. There is no indication made as to
whether this will influence practice or not.

14A. Bandura, Analysis of Modeling Processes in Psychological Modeling,
New York: Aldine-Atherton, 1971. i

15J W. Chalker, "A Study Using Interaction Analysis of the Relationship
Between Teacher Dogmatism and the Reflective Method of Teaching Social
Studies," Unpublished Doctoral Dissertation,.University of Pennsyl- :
vania, Philade]lphia, May, 1972. .

- . * . -
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In an'exploratory kind of study, Lawlor and Lawlor (153) sought to
examine the cues teachers use to categorize students into high medium,
and low ability groups. They exposed 72 undergraduates to two ten-
minute video-tapes of children working science tasks.. The preservice
teachers ‘were then asked to rank the students on perceived ability.
What is interesting in this study is the degree of agreement among the
teachers on which children were high ability and which were low ability.
The Lawlors sought to discover what obgervatiops led to the raiking and
found that the 72 people mostly stated inferences with no connection to *®
specific obgervations. In short their gtudy raises the question of how
judgements are formed and suggests that it may be useful to teach some

. kind of observation system to people.

Teacner Athiudes and Values e *;',:‘, : W ' v

A number of studies 'in this last group concern the attitudes and
values of science teachers. Unfortunately not enough of these studies
seek to show whether any correlations exist between the attitudes
teachers hold and the way they teach.

. In Australia, Tisher and Power (278) designed a study to compare
values and practices of experienced teachers and prospective teachers
with values specified by the Australian Science Education Project.:
Findings id a preliminary report showed teachers divided into. three "¢ -

groups: those who were congruent with ASEP and valued the problem cen- - °

tered approach, open ended discussions and warm student relationsy .
those who held dissonant ASEP ‘valués and wanted a narrowly defined.
curriculum and a teacher dominanted rclasroom; and those who valued:
warm student relations and a broad curriculum but felt the curriculum .
should be teacher dominated,

* . In a second Australian study. Symington and Hawkins (269) compared
‘the valffg of Australian and British science teachers using the Nuffield
Curricu They found both groups valued the ability to observe, to

classify data and to communicate ideas.

Instead of investigating values that teachers hold, Bybee (45Y) -
compared three groups of students to see which teacher characteristics
they valded most. The three groups (advantaged, average, and dis-
advantaged) did not differ in.the things they valued. The most. highly

valued chéracteristics were good teacher-student relations and enthu-

- giasm in working with students. Amount of. teacher knowledge, organi-

zation and planning were relatively unimportant characteristicg.
Valued least by all- groups wag the instructional method employed by ‘the
teacher. ’
'Shrigley (248) examined the connection between attitudes and kngw-
ledge. Correlation between these was found to be low among preservice
science teachers. He concluded that variables .other than the level/of
cognitive content were influencing attitudes toward science. ,
: S ; N
Three investigators attempted to isplate specific traits of science
teachers that characterized effective teaching. Main. (169) compared
science teachers and non—science teachers in relation to tedther
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efﬁectiveness. Sclente teachers were é%own to be more reserved, calm,
mature, taciturn, self-gsufficient and resourceful than were other
teachers. Femdle sclence teachers demonstrated greater warm~heartedness
and outgoingness than d1d their male counterparts. Unfortunately this
study falls short of being useful because the author did not relate

., personality variablés to differential teaching practices or to selective

interactions with students of like or different pereonality configura~
t:ions .

_Taylor (271), in a related study, went to the next step and cor-
related critical thinking ability with two teaching methoda; namely,
activity-centered teaching and textbook-centered teaching. Discriminant

. analysis techniques classified teachers into the two groups. Activity-

centered teachers were more self-sufficient, affected by feelings and
suapicious than were textbook-centered teaéhers. Again, as in the Main
study, females were found. to be more temder minded and conscientious
while males were more assertive and experimental. A question railsed
here is whethey there is a preference by males or females for one teach-
ing method or the other. ' In the cognitive domain, activity-centered
teachers scored significantly higher in-the ability to recognize in-

ferences and assumptions and, overall, scored higher on the Watson-Glaser

Critical Thinking Appraisal. The number of units in sclence courses
correla;ed highly with scores on the critical thinking measure.

Okey (202) studied the effects of Bloom's mastery . teaching strategy

.on teacher attitude and effectiveness. ‘Teachers in a graduate science

methods ‘course yere taught mastery teaching strategies which they sub-
sequently implemented into. their classrooms. Okey found that the ex-
perimental group of teachers demonstrated significantly greater positive
attitudes. Pupil posttest results indicated that students of the mastery
teaching group scored higher in achievement than did the pupils of the
control group. i .

Lazarowitz (155) developed a teqhnique for determining attitudes
of secondary science teachers toward inquiry. He developed’ and vali-

.dated two ingtruments, Inquiry’ Science Teaching Strategy (ISTS) 'and the

Personal Data Form (PDF), for the study. He found teachers with favor-
able attitudes toward inquiry tended to be older; female, to hold ad-
vanced degrees and to tgach specilalized cldsses an&‘to use new curricu- -
lum material in the classroom. Interestingly, he found that formal )
research experience related highly to positive attitudes toward inquiry.
Gessner (85) examined medical school faculty effectivenes¥ by . °
comphring student ratings, class exams and national exams. He found
that student ratings and national exams correlated. In other words,
teachers whose students performed well.on the national exams were also
rated high by students. Scores on class exams did not correlate with
student ratings on faculty members or with national exam scores.

Jackson (121) raised the question, "What effects do black colleges
have on prospective teachers?" by examining the institutional char-
acteristics of four predominantly black colleges. Performance of
prospective sclence teachers relatéd significantly to scholarship,

awvareness- and quality of teacuing and faculty-student relationships.
—

.. .

1
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‘A study.ﬁy Manning (173) also focused.on sclence faculty members
in black coll#ges. She investigated motivation and job satisfaction
and found, ambng other things, that.the colleges recruited predominantly
from their owp geographic area. Most teachers had some other work ex-
perience priar tg taking a faculty position. Blacks comprised less,
‘than 50 percent of the science faculty in 67 predominantly black insti-
tutions. ThE primary interest of most of these faculty members lay in
classroom teaching rather than in resegrch. Most were satisfied with
their positfons and expected to continue. “

Studis by Al‘Ani (7), Bowman (29), Bratt (32), DeGroote (63),
Frosch (81), Geisert (84), Hoagland (110), ?‘mughber (282) and Walker
(292) werejalso reviewed. e ﬁ S

. LY '

p . U ;
Values and Philosophy . N
In & paper, "Social Origins of American Scieptists and Scholars,"
Kenneth filardyl6 provided data to show what cultural influences (xégional,
religighs, school type, etc.) operate to produce larger numbers of pro-
ductivé scientists.. He presented a table of contrasting values which
distirguish high production from low production groups. 'These values
probaply undergird the cognitive and motivational orientations of the.
individuals..." (p. 503). People of middle leVel productivity had less
strojg positions on each of the values associated with high productivity
- th 3 did their peers in the high productivity category (see Table 11).

. ;? If we took the framework of values which seems to be(émpirically
. ;?pnected tor creative output and asked what values do wé explicitly or

; plicitly communicate in our sclence, what would we find?

éf Munby (194) developed and tested a scheme in 14 classrooms for

‘éﬁgetting at some part of the answer ‘to this question. He chose instru-

£

How tq translate this analysis into a serles of testable propositions -

fmggtalism’and realism as two views of sclence and intellectual depen-
dence and independence as values influenced by modes of teaching. The
combination of epilstemology with the analysis of teaching in which
transmission of values are the focus should receive more attentlon.
We found only two other studies that related philosophy of stlence to
the psychological dimensions of values and valuing. '

Hudgins (117), who was interested in maximizing man's poteﬂtial :
to inquire, made some interesting contrasts between Dewey's pragmatism,
a philosophical .position, and Freud's conceptions of psycholanaiysis.
Hudgins maintained that psycholanalysis promotes the kind of self-
knowledge that makes a person potentially a more productive inquirer.
is probably the next problem Hudgins faces. , #
Obenauf (iOl) éélated personalized knowledge and the scientific
process in an holistic conceptualization of inquiry. She attempted an

- answer to the questions,."How do reason and methodology paxtially

i6g, R. Hardy, "Soclal Origins of American Scientists and Scholars,"
Science, Vol. 185, No. 9, August, 1974, pp. 497-506.

a
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_of valued learning.

Personal dedicati®h. .

L4

“TABLE it

Cultural Values Asscciated with l_-ligh and Low Production of Scholal"s and Scientists

(p. 504, Hardy)

v High Productivity

Naturalism. Belief in a world
of order,\law, pattern, meaning.

Intrinsic valuation of learning,
knowledge. To be learned’, wise,
is highly valued. Broad conception

Dignity of Man. Optimism concern-
ing man's ability to discover
truth, acomplish things, change
the world.

Seriousness
of purpose, senseéof mission,

positive mysticism. Long range
striving. Respgnsibility beyond
family. . ) .

Equalitarianism. Active promotion
of causes to ilmprove status of
disadvantaged. High stature for
women, children. Pacifism.

3

Antitraditional. Not satisfied
with established ¥ays of doing
things. Restl®ss,; inquiring
spirii. '

Centered on near future. Concerned
with this world. -Orientation
toward the foreseeable future.

et
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Lo% Productivity

World.is unknowable, in- RN
comprehensible. Events are
capricious, mysterious,
whimsical.

Suspicion of learning, education.
Constricted view of valued .
learning. Anti-intellectual.

. _ e U

Disparagement of man. Man is
powerless, at the mercy of fate,
destiny, luck, chance. He is

" evil, incompetentb

" gSense of indirection. Must
take, enjoy what 1s avallable
now. Loyalty to family, kin.

Authoritarianism, Reliance on
authority. Power relations
idportant. Patriffchal order:
male dominmance. Aggressiveness,
militarism. ’

Traditional. Past is respected,
romanticized. Filial piety

valged.///—-\\\“

Centered on present and
distant future. Hope for a
better break in the distant
future, the next life.
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explain processes by which knowing and the act of discovery occur?”

Bridgman'sl’ personalization of knowledge in physics and Bertalanffy's 18
eriticism of psychology both occurred to us as we read this dissertation.
The ground work which Obenauf has done could provide a fruitful junction
for psychological and philosophical research. )

Y

Surveys

Since surveys are usually meant to answer questions wl }ch are pri-
marily of local interest, we give them little attention in ‘this review.
That does not mean they are of little value. On the contrary, they may
have considerable importance for. planning or ascertaining the state of
things so that future plans can be made. Surveys are popular among
commonwealth researchers. A few are worth noting because they have
wider implications or a quasi-experimental fédture to them.

Bonora (28) discussed some of thevproblems encountered by the
International Association for the Evaluation Achievement as it gathered
data in 20 countries. At the international level preliminary analysis
focused on identifying family, socioeconomic status, and pedagogical
factors which relate to science achievement. Within countries, curricula,
attitudes and geographic variables were the chief background variables
examined.

R. Hansen and J. Neujar (103) examined the career development of
a small sample of males and females in science and found both were
equally 1ikely to earn B.A.'s in scilence but males were more likely to
continue w in science o¥ science teaching. In a study of what he
called moot {beliefs (misconceptions and superstitions) among Wisconsin
twelfth-gradérs, Otto (205) found a significantly greater number of °
girls who accepted 13 of 36 items, i.e., held misconcepts respecting
an item.

A. C. Perkes (209) did a survey of 10th and 12th graders' know-

dge of environmental science and attitudes in eleven states of ~the

west and Far West. Twelfth grade students scored better than ‘tenth ~
graders on concepts but not on knowledge of specific facts. There were
“sex differences in attitudes. Major environmental concerns differed
from state to state. Californians worried about air polilution; Wiscon-
sin students, about’water pollution; and Hawaiiams, sbout land use.
John Trent's (283) study of environmental trends as perceived by
colleges of education and state departments of education indicated that
environmental education 1is probably on the increase. Fadelli (75) .
evaluated the conservation content of elementary and secondary school
textbooks used in 13 western states and concluded the texts were woe-~
fully deficient in conservation knowledge.

$ *
)
.

17, w. Bridgman, 'The Logic of Modern Physics, MacMillan, New York, 1961.

18 =
Bertalanffy, op. cit.

.
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Surveys of science teaching were done by Buckeridge (41) in New
England, Mideastern and Southwestern states while Maben (164) did a
survey of Central and far Western states. The Buckeridge survey examined
certain questions concerning the relation of teacher attendance at NSF
institutes to teaching practices. She found that NSF programs influenced
teachers' use of various learning activities. In a survey of science
teaching in"secondary schools of the “Great Plains, Rocky Mountain and
Southeast region of the United States, for the period 1971-72, Baker
(22) found the following: 1) larger schools Wwere more likely to be
offering BSCS, PSSC, CHEM study and other ‘programs developed with NSF
funds, 2) over 49 percent of the schools used homogeneous grouping,

3)' the average annual budget was $1.00 to $2.00 per pupil each for
equipment and supplies, 4) instructional techniques most commonly em-
ployed were lecture-demonstration, group laboratory instruction, in-
dividual laboratory instrucEiOn, and 5) NSF symmer institute attendance
seemed to be a factor in the disposition of teachers to use pupil-
centered ingtructional activities. ,

Sikes (249) tried to find out how much environmental sclence was
being taught to gifted scilence students in Texas public schools. He
also gought to determine the nature and effectiveness of environmental
science teaching. Generally he found that environmental $ciences re-
ceive little attention in most sclence classes.

Riggs (225) did a survey of student and instructor attitudes toward
bilology and BioLabs in two year colleges. There was not much of a
relationship between instructor and student attitudes. Attitudes were

"génerally more favorable in courses that combined ‘self-paced and group-
paced instruction. o
2 ] o

Yao (304) provided a description of sclence and technical instruc-
tion in China during 1949 to 1957 and discussed the relevance of Soviet
educational practices .to Chinese Communist education. Yao-sconcluded
that the uncritical absorption of the Soviet system did not serve the

" Chinese well, particularly because there was so much emphasis on rote
learning. .

Rosier (227, 228) reported in two separate articles results of the
international survey as it pertained to Australia. Australia ranked
third out of 19 countries. He analyzed the particular contributions
made by science II (l4-year olds) and IV (terminal secondary students),
Countrics differed in theilr ability to retain group II in school. Dif-
ferent States in Australia also differed in their holding capabllity
and sclence performance. He also noted that Australian teachers were
generally younger than thoseé in other countries.

Kelley and Nicodemus (133) described early stages in the diffusion
of the Nuffield A-level bilology. Teachers learned about the program
mostly through professional meetings. The decision to adopt was made
.at the departmental level 46 percent of the time and by individual
"Vteachers 52 percent of the time. A one-week workshop to introduce the
course Increased the chances teachers would use the materials, but
teacher characteristics also determined whether the Nuffield bilology
program would be used.
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) Bradley gnd Hutchings _(31) used a questionnairé to see how concepts
of science and scientists related to subject choices in school in England
and Wales. Males were more favorable to science than were females and

- liked physics and chemistry better than biology. Students saw scientists

as family men who were kind, cheerful, interesting and not easily dis-
couraged. TFemales thought science was too fact-oriented and viewed
people in the liberal arts more favorably. : i

In Israel, Jungwirth (129) found that college students and scilentists
responded differently on the TOUS. Scientists expressed 85 percent
agreement with the images portrayed by the authors of the TOQUS. Exposure
to BSCS has not succeeded in changing high school students' views to - -
canform with those of scientists. : '

Soh (259) studied potential scientists' and noh—scientists' moti-

‘vational conditions by administering the School Motivation Analysis Test

to secondary students grouped in these two categories according to an’
occupational scale. Soh concluded that differemtes can be explained in
terms of dynamic traits and that science bilas was instrumental in
securing erglc gratification. )

Jungwirth (128) conducted a study in Israel to find out how the
preferences for indoor and outdoor activities of BSCS and/{on—BSCS
students differed. The patterns of preferences for the two groups did
not differ. Some sex differences emerged. Females preferred indoor

- study of plants while males would rather study animals.

Dieter (64) asked each of 220 judges in the 1970 Outstanding Biology
Teacher Award program to rate items about teachers' performance. His
intention was to establish teacher evaluation criteria. The survey
showed distinct blases due to judges' occupations. To counter these
biases, Dieter suggested there should be input from teachers in the
construction of evaluation procedures and criteria.

A survey of responses by Northern Ireland pupils to the Schools
Council Integrated Science Project (SCISP) showed that 55 percent would
prefer more biology and that males showed less interest in the social
aspects of sclence than did females.

Other surveys reviewed for this section were conducted by Al-Taley
(12), Gilbert and Mortenson (87), Gough (90), Hackett and Holt (96), = .
Jensen (123), Jones and Roswell (127), Kohn (143), Kraus (147), Leake
(156) , ‘McKenna (180), Milby (182), Shaw, et al. (243}, Sumner and

Broadhurst (266), and Tomikel (280). .




’,par;iculir, benefit during the first three years of school by exposure

. took time, are right. Namely, are there long-term gains of some kind?

" report favorable results while the outcomes at the college level are

3

Summary and Conclusions” - o !
Now that this review is done, what can we say. about the research -
.in general? Of course, one best answers such a question when a par-
ticular question arises. For example, is it useful to teach science
to elementary children? 1Is the effort to individualize instruction
worth it? What can we do to improve student interest in physics, etc.? - .
A particular question brings to mind relevant findings. Without those
questions a summary may lack some focus. However, we shall try to make
some general statements which seem supported by the research. These -
will necessarily have a kind of advocacy’character to them % readers
with different interests would ask diffe;e@} questions. ° :
'Start with elementary school. The quantity of research in elemen-
tary s€ience has ¥allen off. It appears that most of the science pro-
grams, developed in the past decade help language, logic and interegts .\\\ g
to develop among jhe disadvantaged. and handicapped. These groups,.in

to science that has an activity dimension to it. Middle and upper class
primary children shdw r§1ative1y less benefit as the programs now stand.
Probably the heavy emphasis on sorting, categorizing, ordering, etc.
that marks the early programs makes up for deficits among_the poor and
handicapped but adds little %o whdt the enviromment alrefdy supplies to
the more well-to-do. Thus, we'waﬁld_suggest that children who are most
frequently denied science on the grounds.they need "fundamentals' should
be given more of it, namely, the disadvantaged. Programs suitable for
more advanced primary students still need to be developed.

ol

i .

We know relatively 1itt1eﬁapo§ﬁathe cumulative impact of four or
five years of elementary science. Whifle many districts have now had
four to six or more years expérienceﬁﬁ}ph coherent describable science
programs, almost no research or evaluifion is being published that
describes the cumulative impact of successive years of science instruc-
tion. We need this kind of  research to #mswer questions of worth and
appropriateness of science instryction. We also need to know whether
the differences in performance and attitudes between the two sexes is )
minimized by equal exposure over-time to a sound science program.

The research should also tell us whether the curriculum developers,
who complained in earlier years that what they were trying to develop

‘A greaE»deal of effort has gone into developing and evaluting self-
paced, auto-tutorial programs of various descriptions. There is an
apparent paradox here. Most of the researcherg at the high school level

much more varied. In general, if you are going to do self-paced instruc-
tion, the units should be short. If students are of ordinary ability,
the testing should be frequent. At both levels student procrastination
is a major problem. More consideration should be given to making the
instructional materials available in different formats so that learners
with different aptitude patterns find presentations suitatle for them.

In selfrpaced and auto-tutorial areas especially, researchers and cur-
riculum developers need to explore the implications of aptitude-
treatment-interaction research. .

’
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Physics teachprs are evidently .a species apart. They tend to pre-
fer the didactic mode of instruction. They apparently grade unrealis—
tically in comparison to the rest of the teacher population. The con-
tent of physics instruction frequently calls for levels of logical
operation which students have for the most part not yet attained. One

procedure might be helpful formembers of this group. If physics teachers

would perform a content and task analysis of the concepts they ,are trying
to teach, they would uncover the structure of the content. Physics .
consists of a pyramiding of concepts. Some concepts subsume others. It
also entalls relationships betwéen concepts. Once these two aspects are
drawn out in a content or network analysis, one Can also determine the
types and levels of'logical operations which.students~need to perform

to pass successfully through a unit of content. A whole series of
specific analyses of the formal structural attributes‘df physics accom-
panied by measures of acquisition would collectively allow us to dis-
cover the psychological aspects of physics.

What we need; in short, is a fine grain analysis of structure
coupled with a careful psychological appraisal of what is involved in
acquisition of the structure. George Polya's insightful book,How to
Solve It,];9 - suggests one instructional procedure that merits investi-
gation In the context of physics: . "If you can't solve this problem,
solve a simpler one like it." Use of analogles and different,instruc-
tional formats merits examination. The production of written materials
in physics also needs examination. . Readability criteria ought to re-

ceive more consideration. Complex ideas probably should be presented
in short segments marked by different forms of redundancy. Strangely .
enough, there is little research on learning in physics. We know very
little about what is involved in teaching people a hierarchically
structured content that draws heavily on formal operationaljlogic.

i
§

Teacher education continues to be a major source of gfudy. Most
instructional programs include some interaction analyses. The inclu-
sion of this training has apparently increased the flexibility of
teachers, i.e., brought more moves under deliberate control. Indirect
modes, e.g. in some modification of a Flanders Matrix, have been re-
lated positively to development of ‘student inquiry and better problem
solving. Pausing rates of teachers appear to influence amount and
quality of student verbal output. Direct modes help certain kinds of
content acquisition such as basic concepts and mathematical procedures.”
Different teaching techniques produce some specific student outcomes.
For example, warm supportive rewarding behavior appears to help con-
cept learning but also to reduce .risk-taking in inquiry. So obJectives
need to be clear, and the instructional techniques adjusted accordingly.
At the moment most of the studies in this field are of such short
duration that the consequences of a prolonged exposure.to particular
techniques is not well understood.. .How people learn the complex of
‘relationships that is’ characteristic of science and what they learn?
in science need more explicit attention from both interaction and learn-
ing research people. What values are being transmitted and what kinds
of modeling behavior by the teachef‘or orgahizations of discussion
favér particular kinds of value development?

19George Poiya, How to Solve It. Princeton University Press, Princeton,
New Jersey, 1945. '
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Despite the rather overwhelming indications that .objectives do
not help the learner and, in so cases may actually be’ harmful, we
continue to see studies on objectives that fall to refine the questions
being asked. The burden of the evidence to date suggests that the
learner imposes his owm organization on the material. In our view, if
people must study objectives, they ought to be asking what kinds of
objectives are helpful to what categories of learmers. There exists
some .evidence, for example, that objectives may be helpful to- low and
moderate ability students but harmful for students of niddte and high
ability, Researchers have not detexrmined whether students use the ob-
Jectives supplied or how objectives function in relation to the learner.
If ébjectives can be categorized in cognitive and affective groups,
perhaps the latter ought to:receive more attention.

Very little productive research attention is being given to the
development of values, ethics and processes which might be unique out—
growths of #cience. In the last analyses people Tesort to measuring’)
concepts and to using global measures of attitudes (e.g., the TOUS) ot
critical thinking (e.g., the Watson-Glaser). In our opinion we need
a set of specific studies tied to specific curricula and we need to
examine periy%mances of students with different durations of exposures
to those cufricula. After we have seen outcomes from a set of specific
situationg, we can begin to ask what is general, if anything. The
recent inclusion of personality variables will probably eventually prove
fruitful. ®At the moment we know that people with certain personality’
configurations seem to be especially -attracted to certain’ disciplines.

The section on ‘teacher characteristics, behaviors and training '

,constitutes a diversified mix of studies.
o

A number of reﬁia?chers were interested in theveffect of inservice
training programs on teachers. Included are programs such as NSF
Academic Year Institutes and Cooperative College -~ School Science im-
’provement programs as well as short independent programs. Training of
this nature does appear to mdke a difference in teachers personal
characteristics. Additionally, there is some evidence of transmission
of training into the classroom. The research indicates that inservice
programs can influence teachers to exhibit better attitudes toward
teaching science, to become more indirect, and to use teaching strategies
congruent with the goals of the newer curricula. There is some evidernce
that students are more likely to learn content which 1is an -outgrowth of
ingervice training. s

; Several studies report the effects of process appygach instruction
' on attitudes. While most of these show that teachers receiving the

“instruction have more positive attitudes toward science teaching, there
is little- indication concerning the relation of attitudes to modes of
teaching or success of students. On the contrary, there is some sug-
gestion that the students of teachers who started teaching a new pro-
'gram only reluctantly did as well as the eager early joiners. It can
also happen that while competencies may improve as a result of train-
ing, attitudes may be negative. . ;

LS
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Research involving the classroom teacher dealt largely wi;theacher 7\§,\/ﬁ
behavioral strategies and styles. . Repeatedly it was shown that teacher .
questioning patterns influence students' academic performance. Wait
time and patterns of teacher-student’interaction also alter student per-

|

formance. : |

- . P 1

& _ " Several attempts were made to isolate science teacher character- e |
istics as compared to pon-science teachers. --We really do not see this o |

as a fruitful line of re®earch. In genéial, science teachers were ‘shown
to be more self-gufficient-resourceful and reserved than other teachers.
Femgle science teachers as_ compared to male science teachers are more .
tender minded and outgoing. . We are prompted to ask ‘rather impolitely,

"So what?) Unless one @hn.relate teacher personality variables to class-
room teaching practices or to student performance we see this kind of
research as fruitless. Instead we would ask, are teachers with par- .
ticular personality configurations more helpfil to students Wwith the

same configurations? ' : L

~

\

|

\

In summary, it seems that research has made some headway toward
. _answering some hagging and pefsistent questions regarding the art of

teaching science but there is 'much to do, especially in the realms of |

evaluation, learning and transmission of values. 1

;

&

All the conditions exist in nature at the moment tb-do this research. "
A Some people ought to do it. . o : T, ‘
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